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I. IMBRItaH 

n n 

Introduction 

9.9. Structural Design 

i 

friJMRnEi[uisin^i3tJi3fj[ini3Hfnj uHniusuanTSauJiHiliJRR 

U U U in u U in -ot i U 

uftm mRHtHi^jnn/iR aaijSMnMHSfnnMHiHjinMHam^auflgiaHM utejstiscusti usr 

manjtuitjitTGS MiummtfisRsilkGsiHfiHfm 

U U U m «=* U U w V 

i i 

uJimiHtnammtuBBaatiiaiuMHtni BtiRimfuBui3HiHtfiBBHm9 itSmlrjnnr^auamfm 

u U u Usu u c'UUinUuc? 

minaiiJBRimRtamiiBaiias *i tfiRiitaratwithiRR Iajri BtitmuRTRJTRfMuiRiimRtiflirim 

c* U 1 c* O. U L»u Ct Ct 

riijbbi aaMnnRniiaiiTt^anfliasiBHTnmuninaiiJimBgtiitnBitiinSm i fiinriifniiamiMnn 

U l_i U m EJ i?. w U 

l 

Rimaitrt^auflTRitnBMiauiJBmBl: imuRTRi^HRMiiBBfitmnniifnniuMHtni mimlwRi 

U U in L»U 8 V u ct y C* 

^HRMRnRnjiaiHSRiRraMiTR^anfiTURUiflimniRiinriMiJRB BtiitfrmBiBiafwifiintiwwnjiiis 

ctU i u u in u 8 a v. v o. 

i 

Hmn'JMRnrR^aufiTRiRRtiiBuiaBfMiRmn usiuHRRRimmtnfj BtiniRimriMtiRB i tiiRtui: 
tMtJRBtalRtiMtiJiiaR MiiJIiwRinraTtnMBfMBii: BtiRtntinwRHRhtiHiBnjMBfi'in i 

CTW-ct U U y ,n nj ^ Li rfl 

RiiMRiiHimaiSwRmHmiBiuiaiTRiatffiaiiBa uJimiHtnBRiiRiTHfuHaR stimjfifrra 

xJ h TjmU U i) Li lJ n ty 

HtiRH'lH!uu!tiB8M9Rl IIliraiBRinratUIBtUBftllRnilllMlJRBIUMfl 1 NtmUUl3ITRltiaHm9 

n ict o Li U U y 3 a U- UnjUw 

ItiUlTRilBRUHItiR tRTRfMRnR[lilBlH8RlRIUMHl3RaHRI9 1 uJHTtBtiBIBStnB tilflutilRTRi 

Uu«^nL»uU i n u U 0 y v '-nj 

RUMRnlfiiRiTR^aufl tt^mfTCLnsnrrmia stiHHtin?iraMm3?isHffi?n friHmstissstiimmss 

U Li U m m v n v u <* 

i 

HRMRnRimBIITR^auflHIBIlSMWMHSRlRtnatffiaMHTMUl UtB HBBtitBRIIWRnlfllRTRfa 

ctU Li U in Li 1 U 1 n 1 0 U UU 

uS iRTRiMiiB^Sui3BfMtni:MTHiuiTUTtnMRtiiT^i3dfi ItJwtfiBiBlHiBraRtinTStiitfimitiR 

in Uu v v r\ U UUctuUin y iU 

imtouiaHriftiR smisnsMHinmtinn frimnmMutifi iRRmtuBBftiiTHMiBRiiMRnRimBi 

U U m U ,n U i ij U v U xJ 

i 

nfJHinsimsil 

■n 

lalRaiMlfiflliB* HiaiRRiiinjimriRiiMRriRn^aiHBRiRtTR^anflHniiJR stimjfifrra 

ct U U i U U m w- 

i i 

lUMfitHthiurw i ‘JMRnrR^auSrRitTSMnM sa^ta^RTunsn^auamaHrjiBHTsgnjtnssJ 

l run 0 U U in L»u U ^ U U U tn U u y 

RiiMRnHimBiniRuiiJimtiiRnilriMiJRB stiMlfifnn i 

U U 8 a V. 1 

HaBantununiTR^auflHniiJR imi3BitnBTRftmwraifl8Hi3RaHm9iuMiTR^i3ufltiiHa 

i U U U m UumU n w U U m l 

i i 

MS 1 JUS 9.9 TJtfimn truss 1^HmSt3nH1t3BB[UlBUmTnStlJHSjRTnl3R[UliSHt3ri8imM t l ttJitu 

V in -o u nj i cuJ l n U n 
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innBfmiManiamfJfnR truss c nan pinned BtiRHitiHBiRiRitijRim) HtiRiuw truss 
itifrmtini (two-force member) ItJWJtiRHItiMtiR URtntiBltnRlHHRI 1 fJTHIH truss STH 

W wn*vAW"oOU Lj 

tmHmtaitiuBRtiBuinmRtiiu 9.9 Hi3R8iaitiitiiHi3RiamiMi3R itfimHaRBiaiTmHtiiHaR 

m v in v n n n n U n 

1 1 

itimiBirm HtiRTSstiHiatftHtimiamTsicTi uianiiMaRii^minTMmiglitiigRia sfdSTHtu aa 

'o n Li 1 n -v» n U U i 

BRiaiuMuan 1 




raingitiltiigtRraMHaRTRitnBU^Rl^HHiaaiTRli3R[imi3 (rigid frame) talniaiUB 

U O lj n Liu LTI-OU U S ot u 

9.1a ^ HaRinMiTRiaiasTRftnBRmntmalaiflimgRnani BtiHiBMBRtfitnfttiulfotn ts1t?U3 

n U L»u ty VJ Lj U n Li 

sth HaRTRftnBtiJiimuiBlBanajBRiRiimiiJtiifTiuuJimnaTaiBlatiTRjraRa 1 itfimtfimrRiti 

U n Liu Ou>- <iii ty u ^ U 1 U 

TSoTfjH^Ri luimmurmfiuJimHaRuiBH uJnmBiuHRTRftnBTRuttfimwtni:flutiJ stiHstnti 

U ot ty u c* Liu U n u 

T^mrdHiT:tiniit3tBmmaRtnstiiTunsrd[ini3si;si 1 rmwHRWsiBHBTRftnBntunuiB uibhrii 

j~i u* eJ n Uc»u UuU in 

mn?itiRH8iRRBTRftnBtmi3MtiRiHnimm:rauia*i miMnnHimaiiTR^iaufl BtimiwniiJfTiR 

C y "*ct u Liu 3 tJ Li U (T| \J 

iTRiaaHBi5iuMTTinBBimSHtiiHBiaaiTRii3ni3uimBuiJuniaini3iu9 9 . la bi Htuntri sth 

Liu Li c 3 n U Li nj U U1 ~o ^U Li 

tRftnauaimfilBtHMmR (hinges or pinned) H3TH3SfHHtiH (fixed) 1 JUWBItfrfjtiRltitnB 
CUSfnn?l3HjScUfiJmMi3 UTUMBramiRfnUHlBtURnJlrURraa (flexible) TRUTRlBlBHTHBtTTlR 

c3 \ c n n m U i y a x U U u i m 

w ^ 

^JHlBHlStll IBlSIRBlRBRfltilBIHMBIR (pinned) 1 R1IMBRIBlRi3lB9IBliaR1IMf^mRItR)a 
tlSR RTJIBTStiTSltlJHlSRTHRB !lJtlIHiaBmtslHlStllSRBRBraMBTHinBIB9TBTHHiatlimm:til 

n uLjLj wu i c? u U c^^JLj a 

RtUlMBlR (pinned) TJ1S 1 

tSlTnCUTtiCUTRSSCUtnSSlntiHJmHITRJHfjTTRliT Sl3CUR8[UlSTHTTHtH IRHIBRCUlRfrilSlR 

V V Lj Lj 8 a Li 

HSRfilS 1 mmnJlRUBRIB*BinBi3Bl3fTlIIBnHtlIRUanMIU91i3HMIBll|mi3aHra9 1 {UhTSTU 
itRiafiJtiinBiiiiniiauBRflutiinTiJimiM iBi8iTRiaaHBi5iiJtiiBBtiiBfBi[inniuMuaniB8ai3Hia 

Li <*iuLi«bLiu i) U 

l i 

STHi3Tj1HSRnTl3iraTMtt3CUH1SCURan:tj1Hmfit3ljHtiiniTSlm3JHS 9.1a b 1 
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MTHiurniflinuBmiJtmitiiinialRarag 9.1a b nmtiBastiTBtiTmmiJtinuifmalRtiin 

U <ii Lfl -o c* U U U Li Li u l_n “\J V 

11 1 

tEJitutsitJiG i HangHm9raMirmarnftnBt^nB[iniHtiimi^mHiT{umiBlit3raingiBfnnnrni 

n li Lj Liu ot Li Li C 

tE3mrj?E3m^mmnt3tE3tiJ8Q^{mtiJ t i hbruJr ab sia bc laminnnitiiti (bending or 
flexure) fRltilBIRIUllTilgH (beam) 1 HtiRUETlJI BD tt3fl5 Jt3HHi3Fi (couple) tJlCUiJmsn§H 
SHtua (msMTinuimiaMiHTgiJBUiJirn fitnBRtutiBRi tRgwuiltimR'i) tiBiBMRjnBiBiro 

U inU Li i Li u LT1 ~o su U 06 & ct v 

hhijr (couple) tsstfis i tftnss Htisi bd ia!nnini3Mi3RfnHHm!iJtiitnBriuBRumTn tal 
Ratflniiti Hi3RiaRiiMtiRumTiiJBmiJtiitnBntunuTRitnBiRiui1tsiMMi (column) i tHimmitiR 

urmirintiitiigffl ae sti cf HBTRHiRrgBiRHiaMaRRiHHRiuiiinisig ulgfiitsHmagugw 

cuJ OiJ UUusun Oi run i n 

BaRlinRUlUiaflJtllHiaRtHnigtRtiai HtimUUIBJTRftnBIRttnlTil beam-column 1 tflRlMti 

n su U n Uu n 

TRUHilRgitiHM imgtilTRlWSillRQndlRtalfitjlGH UMMIRUfltD RfllBllRJtiTJBRR'lHHRI Sl3 

U n Liu C* C* -V» <ij O 

HHtinmtir mBiBlRi3R«mtiiiraB iRHiBiBiwfignninmtaHiBRtHRBtnB *i 

V 1 n c* u c3 su u 

mBHniwmngHaRiiJwtnBnimBiBiiaiiS iMtfiniiBSBantununRiiRimBiRiiRfnu sd 

U n U U uv 

HtiRntfdfdayBRtSl: composite beam, composite column Stl plate girder 1 
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9.1Q. UBfi Loads 

i 

RH1t3 (force) (load) 1 USRjlnftnSlGmGET] 

tfinipiR9B5R: TJBRITiJ (dead load) BtiTJBRHITjJ (live load) 1 HBmTsItfiUBmtitUMHIBltjl 
HBtlBtDIlJWIHmBgHBIUMItt^anflSBilia ItinnfiSjinOTSTilUBRfrWSB (self-weight) 1 maun 
in5GSRtTl£USS (self-weight) UBRItsI (dead load) IBini3HmiIHH1BBHBIUM nonstruc-tural 



component IfclEUHISuGtjl floor covering, partition Si3 suspended ceilings ( tj1HtGSi3‘[tJnS 

HRfds Mini:iHfnBti smunssm i TRuusmStiJtnsutunutiiusmSnjmfismsIsasBicTi^s 

BluimtHfljlBimUlitsl gravity loads 1 UBfiHITsIUJtUinBtjl gravity load tilUBmiJtllHBIBiMR 

i i 

iMitiGtismtinsi fwiG uHBHiBinBHifiitiiim^auflrauintii itfimBflimuMfiRHBtfiunriu 

V & U U n u 

Ian UBRHItsIIHHIB ITRttiMiJllH MHli: BHBIUMHBMniJtlllMialltiiHmn tfiSISimHSHIG 

& u uu ui n </ l \J v 

l 

RnJlfiBtmUflftjBRIflTSl (live load) tnBtilRtlTlRtiBUBmtsI (dead load) IS tiGIBSBt/iJTJWfUjl 
stfuiisrins i namnJitiiiiBB rarnfiBmiHiamBlit3Hi3mTt^anflMTinu9snaitiii39iuMUBR 

ot U Uu C? n nUUplU \J 

1 11 

mtii (live load) i£3mmn|mms§tRst3Hsmmrwt3ntuR8[idWfi^{ErisgimsjtiJ 

raMBraiRHBiRUBRHitjn9lit5im^aufimR9 uJimHBiJRiBfn nflimaTaJmtiniBSRm 

U i n <* U U (Ti -nj vJ ™o l 

isr a tsi§iRlfnmtRll3uatjitiJR[ifi:riJisG t i mSsrarnHsJfiusntihmcijfs 

vJ U U n 3 n U i n c* U u ^ U U n 

IsgumonriJGGdjR miRlRRumcufisncusBG'i mSsrausmfiftnsfrm stitinGsisn^nGstto 
Ri3HmS5RIUMITR^aufl fatigue stress BtiRimtilUmuJtmfiTfifmRHRMRIl 1 TJBRBSGIRfitnB 

cx u U U m eu Lfl Uu U <£» tr\ 



BimSHRlIRiamRRGRG tfG^HRlJBfdnUlRH BttUIRi] fatigue load RRIBaiRRHIBIdTlM ITCTI2HB 
sti fatigue Rimtiiutm wiTmiRltlismjtJifiGSRHisritjmstlla ^ uJimHtiiiuiRias raucuRStin 

c ’su in i U n c* v l U 3 a 

i 

usRmaHMiiJniHiBiaiRtJiMjfiniiBJtRitnBiRRRtiiuBRMiBG itriramHsnGijamn fatigue tsi 
^mtmiBHtilRHB^RItjIIUMSTWURBU Bl3URIBlltifiti81i3nRilUMHRlI IRB1RBR3TW 

v* tJ d» d* U 1 U 

nmjnmjsnmtintin uiBiiJimtmifiiiHimBiuBRBTtiiinBtiiRimrMRMicTi iRGiRBRfmtitjnR 

c* v & in djtJ e ^ ^ ->j i ca y 

tflBUJlHlfSTR 1 itflffifiJinJSRBlti (lateral load) H1BR9tltlIBmi38it3Bim*HRlI8M!) oGISi 8|CU 

vJ d* G> EU n u eJ 

H1BtlIR[m:HBM81BBItn*HRlIBlU5IB titS uplift tSTUCiafiutlJTfmtlJHIGHlSnRlgBlR *1 ISISGtil 

3 1 n r U C3 u Li U c* 

STtlimBiRBIBTRmntllRUJim RIRHBnGlinjnfltiltTiRtTiraRaRlIMRllRimBlIlJl mimifiRHBBlfi 

fcJ n U ^ ct \J 



BRfltfl fatigue load IS 1 
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dj V li U U U U o 

HiBiRRHiBimmtJthnjn* i 

u* i run *J U U m e» O 

u 1 w 

structure’s response Iff1aatitlimiUM3llJtlIUlSRI9TtiUJimitnmB 1 intUSSIRITtRSilimTMtll 

A nvJt> m Lj Lj i) 

*j 

ttJcunsncujmtijSTRltns simulate itfimiTuranBRiriiattJfi ttinjtnBWfiimtfBtfiwHiBSTnfttfim 

e» w- Liu U U a cu a v nU 

*Rfl9jH1BHirilTlHtilBaHra9IUMHR11 1 

TnnitiiTuifiBUBRHitsiHmlunigtRiiJtiiTRiRRRafinRiJiBuJiHilaTR i TncumQfiJtjinsR i 

Li Li <*i u U Liu ot u vJ Li u 

nBRHItsntili3igtRRTRitnBt?lRgRRi3finRfllBUJimi9TRIlJl tiBtjlMtnB hydrostatic Sl3 

<2j O U Liu 1 <=* u vJ u n *' 

MtnBtli 

n 



9.CT1. Building Codes 

HtnJ|R!tnSMRflfi[inS1 (design) Bl3iml3MtilI^mHl|MmiWmiJtlItnBIt3l313lRl3 building 
code iiJni^aRimiBnuiiJwHiBRTHiRiimRBaiglBiaMiRmniuMiTR^aufl wfRRinttijHRfim 

eJ Liu i «v U U in i <n. m 

fnmjUQ|UnSSR RimjtJBJUnBSJtlj BaRIIMIWRiniUljnMlJtljtiBnRl1 1 Building code HStilS 
^CUSlCUSIMRflRlUlSI (design) IS UIBflR[mRBiR|HiR1IRl3RlIMRJlR[mBl (design) 1 [URCUi: 
MBiBMTHitHMRnr^auflRnmRriuBRHitsiHnTuiHiiiJtiiHiBHiriitiiHHin 

U c Li U in m n o. eJ 

1 1 

UtsTJTS ffiHlS building code HmilJniHIBMinilJWRIIlJlIIUtiiRMRIIlJniMRriHimBlITR^a 

tf-bJc* 1} u o’ iJ UU 

nflmtJlBlMUUginnriB RgBUIIin|UI9Mltijti!)R International Building Code (IBC) 1 
®.ts. Design Specifications 

building code, design specification ^WSlmnndmfUH?1M|H1UmJMRJ1Ei[UlSl 
HtimTRfauia StiRlJfifnum&jf'n Design Specification Rtinii3§TmrasffilfbRH§Cms3&tfElfn 

n Li U m o* ° 1 ] e~\ c n 

iWRiiMRnrtmiTtiifBaiTRimutiRi fiTRftnBiRMitu Bain^imBiRruiMnaTasriHsu i titsfn sia 

vJ Li Li i Lj i Liu l) o' Li vJ w u 06 

building code !til design specification |RlijlSmMnMnSJl3Rl3S[Hi3ijJimt3lffiHamntltUHS 
iRtiniBiimm i 

■o 

Specification IlJn^MRnTR^aufltslUiniHn/iiraBR specification UJnntnsnHtfrlGJltfim 

A o’ Li U m U A inO 

i 

HtiR'lItiBBltilTR'lH: 

(HU Li 



m&mtstf 

Ct ft 
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1. American Institute of Steel Construction (AISC): Specification 
MfinnimmimtoufiHriuJfi atifninfnuiuMfn fitfi Specification ismattJcumfiGri 

O UU n x n 

BfitfimtfimiMjitfrliBs (aisc, 1993) i 

2. American Association of State Highway and Transportation Officials (AASHTO): 
Specification IBSpuiJnJlUIWfTlIMnpnimmWia highway 

i 

tafsi i !it3fOTRtiMHii:mRHfjiJ3njiratjisisiriJTHitjfirisiJ3cuHist3t5tji ttin ramsmSti 

UnUrf-i U y U n v i U 

itflHJltifi Stiltffi (AASHTO, 1992, 1994) 1 

3. American Railway Engineering Association (AREA): QRhrinSi]ritJtj[UltjiCUffli 

MRfiR[mBiwiBM[jnuitsinti (area, 1992) 1 

4. American Iron and Steel Institute (AISI): specification lSolEjlo]MltlJtilHtUSi3 cold- 
formed steel ItJtmnBIljunuiBlgiaRtslSnil 9.5 fitilMjflfillBS (AISI, 1996) 1 



9.H. tEjjtinjmntfln Structural Steel 
1 

imrartjiMiiJRSni3ui3MMTHiuMHii:nB9mtinTti!iJitii tJooosiHBmMMRnti 

UU 11 h U 7J U Ct 1 u n 

(Murphy, 1957)1 MHlJ:iSsmSS{Hi3til wrought iron IflnJtiWniflimrnitiKflllJmBlRaifia 1 
!SlRl3figjl3 GtiftJfiffijjg 9C 3 aaiSHMHinjIB 9^ cast iron Sl3 wrought iron |R!tnSl|pfd|H1tj 
fdnfltawisi itiRfdtinii (steel) tflMtHJlUUtB iron SiSmitJSI UJfimSMIirtnfiHBMB siarnus 
hm Jiti cast iron IflniTRftnBimraMTmnMimtinBnBfiuianiaMHinnB 9di tiiHtusammn 

L»U U U V u Ct o u 

Stlitsmnmmrarj Bessemer tsimasri 9CatiEJ UJnBlUlSHtjBM wrought iron Bti cast iron fiti 

Mirnin 



wnimiiuMitJmiJtiiiMnnTmauatJiuiniHniiBiiatiiainniJnTmHiBtiiBtitiiiiJnBirTi i ttj 

3 o U U m ^t> cu tJU ca xj U 

l 

MSrafd[U11RRJnifdlRSJl3RH1l3?riHHfiI P tiBTJiJlCTlIBlfilajnB 9.CT1 a tS1§m3Tfnl3 (stress) Si3 

V cu U v in xj cz, V i U 

i 

mTHUTHtUnaiBtU (strain) HlBTRftnBR[lilHSnHIUHBlJB81tiITmH: 

U Uu U v ' Uu 71 n V u 

f-t la s--^- 

A L 

iticu f = RatfniamniaBiminHHm 

^ i U ru xj \J 

A = |RBpitiH8mn 
s= strain RlHHfij 
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l = jmitiiuMMUJTmRi 
al = 



H FIGURE 1.3 







Area = A 
Section 



(a) 




(Not to scale) 



tuMBiuinuiSauannMajigliJnramiBiJiB (fracture) c ntijtnia ga strain inftnBiRHimm 
mmjimssHtu?)) l^imtiBBifiBBtiifitifitittna sam[HU[Htunatcju (stress-strain curve) 
[Rjtnsuainitslnaras 9.CT1 bl I8Jimaig*MUnU|Uin8IlJRMH (ductile, mild or steel) 1 
SmfTSStiJfnt3ni3T?fli3 Stt strain H1SnJRnd:tj1US1RnQ[inQfdSntd?iJlWi£3SR[iniifi3HlHlTfi 

i U a ^ i v U v L> 

(proportional limit) IlJWRatiim«g*Mmi:iminmHt3JlUinR (Hook’s law) 1 TJmUHfifligl 
titustuis yield SiaimtlhaitljtsJQaiRHnQnflQ yield BiaiTfTlHI USTOn IBlSfitiTtnatBllfill 
mmtij imsutfi strain iBlinuBifiaifframtfinn iglrntinninnfntiiigfniiJiRugmgs mcutir 

eu Cl vJ Li dj 

ninitmngiglinugtumfa imsutiiinHguiSgugnmiJim (fnuBfifiHBTttftnBtJrntii) *i Rusmi 

V n v n ea L nj l 

imaitsnBStRftnBimurltslRUBtJlMti (plastic range or yield plateau) 1 IBlfHij strain ttitUHlS 
mH^mUlCU 12E3t3tS strain ISlRtJS yield, strain hardening tslUlSHIRHHIB ItlimintHfmi 



rammSff 

n rt 
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USRU1SH (URtitmauiBH) iBHttnSTHIBMllStlinmBH (H strain) 1 ITRIHJiriHJ fllBltitliBIUlB 

o- 'Ol 1 Ll w c? ‘ J TJ Ll 1 

RtiTmtiHRtmn Mn/nRHIBltitfiH neck down IlJtmB^TRtiTSnaBlUlBHtsmB* in strain IBllSiUB 

i U v r> c'^JiUni n 

IRSt^titiUJW HJltmRRHIS fracture 1 

im*U^H8fTlRtnftnBfnHUBmRl3H9|i3intlIlIlRUBRmiJim (Poisson effect) RlRtSllR 

i nia^?ni3tt3njtnsnpriJPicifisn?riHlGtsg [Rftns 

mfmtUtiltjl engineering stress 1 {uSsraimfU^m^iBmBHjEinflSI strain tSISfl^f tnstmtnl 



tfl engineering strain 1 



ItJmiJWTnftnBinriiRnBiBHTggtiitnBiJnTrnHiJBUiJicTiRtiiug ®.m b Ri ductile umsfi 

L*u eJ u eJ U v in >jct y U 

HIS WgmnitifilJlBL9ti|9imBHaBi3IBmilJtiir fracture 1 IRITlBflMfnnMH (ductility) UJlHJIfU 
fdlHElJR (elongation) ItJnJRimRltfimiUHB 



ttitii e = rmctuR ( niujimnim) 

V 

L f = piiaraMMirninwialititiiiJiB 
L () = jHiJiHuH 

ttiStHSJlMB (elastic limit) lUMMmi^RiaimailJWMmBlBimsilJBMininiR SDHtlllG 
yeild BlBlKM Nm'taltifitiTmtintiRUBIB* fddinRRJSllHSHISRldHTSliTSIffinmtlJinCU 
mtlRHSmSI fiBtitBRIItiRUBRBtiWRISlmHRBtilSRIIlfrRUBR HJltHflHSHlS permanent 

cu o> cu & A 

strain 19 *1 RHSJHfj stress-strain diagram 1S8 [RftTISlR^JlEffilotjl luStH9j'IWH (elastic rage) 1 
Uffin elastic limit RBl3IBrnilJRnBRBi3MmBllt3l8ITRla!lJtlITMni9lBl3RBtiIBfTlIfllR HSR 

Li ru O Li Li cu & 



IHltHflStiHlS permanent strain 1 qaiumm |UMSmiRE3RUSR[Rl3B[UlQ A Ri3iH9 9.CT1 b 
RBtilBRlItiRUBRBtiMRISlltijfsi AB tRCURtUSl permanent strain OB 1 

tu dj n v 1 

JH9 9.(1 UinmtlRUinStlllUM stress-strain curve 1 Proportional limit, elastic limit, 

V in h 1 7 7 



upper 3i3 lower yield point RMRISilWBnJlBIRHmilJtlllRIUTltsl yield point UJWfinJlflltJimRti 



Tffltf F v 1 BnJlQHHngtRlotHlrdRnTRlauaTRjHlUHIJHtlfiRRaTRiaHRUJHI ItJUIIR^TItlinstsl 

ultimate tensile strength F u 1 J U H H J U fd i 8] t Rf H 1 S S R) R J fd '[HI U mild stmctural steel SlHHfd 
lRtHfl8rdRinHHH9lHfHtRltHRm F v Si3 F„ 1 tiUJIBlURtiTflltittij strain RtiltiBtHBTlMB 

]c*2jy Hip 7 M U ] Li ct VJ<ii 
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JRftnSfflinRttfim E tolRIUlltfl young’s modulus or modulus of elasticity 1 E tnBsftnJIM 

29,000 ksi ~ 2 ■ io 5 MPa 1 




JUS UtiiniritUinB stress-strain curve Mflnu high-strength steels lltinJHISfTinWR 
Rtsfrlti mild steels 1 IBWUfltnBniR linear elastic HU tensile strength RltflGJ IRflHSHlS yield 
point U plastic plateau IS 1 tutijijTi higher strength steel ISScJjyGSfcilTinjyjTnfj ductile steel 

inrniminiHRarma f v tJBiBMfiHiBinjfliimiRU saraHsSQPnrdTHiumurmfis^Rsita hmi 

tiBUJWtnBUinrnnHB MTHlUIlJRIlJtlliaRaTHiaiTRiriRUB elastic limit IBlldHHfitiRUBR 

V in i U i U U «i, 

flBaMRIBllWRBaiSIIlJtllTMUBtiRBaiJlRUBR IRllHSiSltiCUtitUlts strain 1MMBTI91 tiBIBSfl 

EUVJU El J til 1 U tJ V 

HIS residual strain H permanent strain tyntlllCItlJtJRUBR 1 Yield stress til [HI lit tl PTud H til 
stiyims stress-strain curve ttinJUiflmiSlRtiJTIB 9.BS |RitnBIRIUTltsl yield strength itiEU 
|RftnSR[UlRtil Ra|R1l3tRtiBnJlBIBRlIlJRUBRIlJtlI|RjBi3 permanent strain ISmHItUlRttilfUUn 
Htm IRI^wnM ran strain 1MS130.002 ItMtHBRIIRIUlR yield strength IB*tRftnBIRIUl1tsl 
0.2% offset method 1 tiBtatnBnfunuriHB tilBigllRTRfRlIHIRimrniMTHIU structural 
strength design R F y Sti F u UJimHBRRniuntilUM stress-strain curve BtiHBRRrimjjTJ 
ItltUSSCUfnS F v 19 1 MTHIUHUJIUIRIBS IRITtJRBIBl yield stress t^tHflHIQHISStdtil yield 

w/LiuiLiwv-' J 

point H yield strength 1 

niRnn:itili39raMITR^l3UflllJR!lJtlIIHU[TltlI91l3 strength Sti ductility THfRlBRimRUJim 
MHlfiliTIRRH (chemical composition) 1 ttiR (steel) iron 1 



rammSff 

n rt 
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lOUUpj ct U V 1 V u 

naminiSB strength UIBflfTlHUBm ductility 1 mnRBIfffiaiBfTinimmUBnmSB strength 

ctn'-’ino- J vJ y n C3 

famnuBm ductility fewm^jmnfprnismintnfn 

HlSfdlS (copper), manganese, nickel, chromium, molybdenum Si3 silicon 1 

i 

THftnBntuB^TRHiiJwHiTMmiBiBaimitnHtiiniMfiiJtiBiaiTrnH: 

Lfu lJ Ui U i \J v U 

1. Plain carbon steel: tofTimtpBtjl iron St3fnUsBl3tjU3 1% 

2. Low-alloy steel: HIS iron StifflUS ItJUIIHtiltilHmBaMlItnmtiiaiBtn 

J V u o U iUUtj 

tfiti 5% ) i rmitnnuiBHRiBHTmSBWMMia fafistimsiusmfnnhJR i 

i «>• w n in €5» 

3. High-alloy or specialty steel: H1ShHllIlRt^ftJlEjjr3?pSi3 low-alloy steel UjJ IfiHlS 
MlItnRmBHipBmRimtiiai !timB*H1BnWMi3Btjlti plain carbon steel StfHlS 

nimmnriiMMiJtitiifnifTumiiTB* *i 

1 V L| 




Grade JUh31EjRfd[Uli3 (structural steel) [RJtnSRtinpnultlJ American Society for Testing 
and Material (ASTM) 1 HarnilBSniSnugi^BlBHTRimHMinKIBllTlHWlIinHtii HlfflUl: SUfTlJ 

v m rtCTW n i vJ a 

mmrmrjfi (AStm, 1996a) i fiJm^anfliiJnnnBniBniiuMnlgtii mild steel iticufdfncutii 
ASTM A3 6 UMIIMimitiS A36 1 flHlS stress-strain curve tiBUiJlfTltSlfitinJS 9.CT1 b Bti ®.tJ 

-VA tU V in -SJ ct v 

luimHiBtiinniiriafTiigirniJBBiiaiTmH: 

3 V Li 

Yield stress: F y - 36 Ksi ~ 250 MPa 

Tensile strength: F u = 58 ksi ~ 400 MPa tsl 80 ksi ~ 550 MPa 
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fun A36 plain carbon steelluimftHiarmmntij (Itfrlri iron) tiGSimftTlH: 

Carbon: 0.26% ( hBtJJHI) 

Phosphorous: 0.04% ( hBtJJHI) 

Sulfur: 0.05% ( HRUJITI) 

fTmimiastiintHTUiniRTUiuitii mH^mMi3HiTMmai39THtiiamitiiumiJRi ttin A36 tin 

cu Lj Li fu Cl Li Li 

ductile steel UJwtnBtmBtlJfi (elongation) tafiimfiltfimMHRU 1.1R 20% UJimnDnW|Ulfl3 
itj H L a = 8 in. ~ 200 mm 1 

IfitfiifitijfiUjR A36 UJimiminmHUatfiaiUM ASTM I mn yield strength S13 tensile 
strength IlJtlltnBUttinitiintHifniHUJUIHI IfiilHIBlfriltifilHia* 1 Tensile strength ffiftllBIfi 
fUnBlRtiBIBlJfilHHHJ tTm*nJR[m:tB*HBH1B9gnJtnBltfimWTRfltiB yield strength IS 1 

tilBIffl ItiRUJUJtnB yield stress 36ksi ~ 250 MPa ffiftnBfifitil high-strength 

steell High-strength steel llJtmnamHl|S IpBtil|TIin9IlJmiJtmna yield strength 
50ksi ~ 345 MPa StiHIS tensile strength 65ksi ~ 450MPu tJ TOksi ~ 4S0MPa tUltfllRRHIS 
fafiUJUJtnB yield strength lOOksi ~ 690MPa 1 tfiqgitimifi ASTM A242 til low-alloy, 
corrosion resistant steel luCUHIS yield strength 42 ksi ~ 290 MPa , 46ksi ~ 320 MPa S-U 
50 ksi &345MPa tjlHffiSif tensile strength luEU|1nlfnSi3 63 ksi -435 MPa , 67 ksi ~460 MPa 
S13 70ksi*480MPa 1 

1 13 n V Li 



Carbon: 


0.15% ( HRtlJHl) 


Manganese 


1.00% (HRUItn) 


Phosphorus: 


0.15% (HRUItn) 


Sulfur: 


0.05% (HRUJUl) 


Copper: 


0.20% (HRUJUl) 



lEjR A242 HS1HS ductile uQ A36 1 MlBtURIlJtllimnWTTIliiaiBH 8/n. - 200mm IMS!) 18% 

V V U «1> 

rairatUIBltltilHraWlBWHIUM A3 6 tt3CUHlBeitHTMB4320% 1 

Li U U i) v cu ~t> 



9.<D. Junt3HSfTIRU9iil8 (Standard Cross-sectional Shapes) 

imwn[mi3Bui3Ri3fniMr^R[maii|^i3uS!iJRnfnniSMWMH8fnRiiJniMHtMUM|jnu 

tuGmSff i i 

rt n 
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HtifisHffi?) i tfigigl mnTSMnMiBjRTHi^ni^MnMiunaHsmnmHUBi^BiiJtmraTtnMtffia 

n u v U by U vi ct U U 

BtiigtmmtiiafninTHi^TtiwniuritiiiJtiiinBBin gtiniRimrniMM i RinTSMWMiuniauJRitfw 

V V Uu V c* a Li V 

msTfmti (off-the shelf) tii^urj^ciJHistiJR[hi:i;rjBnQtiit3 nmsutiiJinurjtnnnQsttiausQusQ 

Lj ' a cs v- U m U n n 

nuJimni niingiaiuniauBiJialiJtiintiiainTHitnBtiiumiJimmiuimrTl (hot-roiling) i tslna 
SiniiitiwHRHiiJtiiinigTaiginainaBTRtiwmiJn (mill) iflmiJniinntiiiiJtiitngngTMiiJRTHftng 

'^>cs'vJc*Lj v vJsu Lru 

tJiRBtuiglnaTungnHiiJtiitiiu ^tusR^nSmsrma msmHSHsmiR^ifiTRtfimnni uumigi 

V ct U o i n l ,] vJ in l no ,J U >3 

uJmrrlHtimn roller tjTEFj? taHiu^ngltfirantiitinjBiitnB *i RiiuiRuJRRtiintijtafngliRl 

n m v v <=* n 

HgtmR^TfisBiunauJimHgtnRtiti ductility juMfi flBmiminnrRtiimg i RtiHBTtiintinjifi 

J v U Li ctvJy 

HamiJwwRTuliaiuimTRitngRiRRiHniiiaugflig uJwtftgiglHignilitiHfimin n65 ft « 20 m 

n v Lj Liu u v U j 

tsl 75 ft ~ 23m itiimiiJwfiTRftngRiR^ngtigitiiglRiHraliaiuMiTR^aufligl inatfitiiglRiH 

u Liu n <si U u u n 

RlIRIUlRIUMUla 1 



H FIGURE 1.6 



Flange 



18" ± 





Sloping inside 
face 



W-shape 

(W18 x 50 shown) 



American Standard, S 
(S18 x 70 shown) 





Sloping inside 
face 



Equal-leg 
angle, L 

(L6 x 6 x 3/4 shown) 



Unequal-leg 

angle 

(L6 x 3 x % shown) 



American Standard 
Channel, C 
(C9 x 20 shown) 



18'' 



'< 



Structural tee, ST or WT 
(WT18 x 115 shown) 
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HSR'IRSSJTJW hot-rolled shape 9. Si 81R 

1 nj A Liu U u L»u in -o ct v ct 

aanimHMmwraMiunaug^BinftnBfiimmglRa astm standard (AStm, 1996) i w-shape 
iiJtmninBiinltnBtsi rantifinusEinra (wide flange shape) iflnitinfffaiiJimtmnniiiJtiiiiTiR 
uJirargBaHtm ranmssHisHmStHrsnn RnnfiWRiwfiiiuMfifi wi8x50 iticu w tiflimn 

U i u u \J i U u in-o 

TTJtfiBITJnta. tens 18 til nominal depth llJtlITMUI9lBi3TBBi3 Stt 50 tjlBHBIUMUjRRtiHHJ 

Li u 1 u l ts ct u 

ilRRITTjliti 1 W-shape 13 nominal size mflHfdTRfijlSlllfitjlTfiHiJlnJHISRHrjnririilglflRfllSl 

ci U a Lry U i ntuc* 

fJlUSltfRtttitsfll UIBHIBRnMtmUSMm 1 

nj c* U 1 Cl CU 1 cfc 

American Standard H S-shape RTHltittlRlIBlBti W-shape tt3l ItfimtnBtmurilTMTJfil 

•vaAUlJc* A CU Li ot 

TssflHffi BamBHmSiHTBfin mtiSMmiuMfinMHiHiTRiuMHSfTin: tmmuMW Etfimsstf 

Uiu xJ i Li jet Ui cu Ui 

BiimniiwiniuM s RGtfimsstn iwMriiB* smtisiflnnimrjrmms w-shape ms 

CU U Ll 1 <ii c* <ii Ll CU A 

ciiRcuirTfiiTitn ImtiaiianatBMiuraM s-shape !9iiiJniiBllTnnMmi3Bi3RBtiii3nnMiaiimi 

8 Li o* di ot EU 1 ^ U 1 U Ed 

rssfli RtuiRfdRiturarj s-shape r 518x70 ttfcu s uinmnniifiBiuMiunta smeusmtt 

U i a in U v 

njRfliRHfj sasHSRflHtutmsflrmffl irttiRi i ranmssraftnsmmiltft i-beam i 

w n <ts c* u n b iJ <=* v Lry 

ItiRIRti (angle shape) HldHlsfeM UlfjtiHBIMI RIUIRMRIWRIR L6x6x% H 

L6x3x% i icussifluRR pliaiSamtirilraMfiliJnifiMfiBaiBliRaBitiitRi sflRnrjrarjli i 
RtiRIimuJRIRtitamBlStiHBIM iBaiiaTRftnBMnMIHB I RimflMRIWraWUjRIRtiHBtnB 

ot Liu l 

{tnunoHsts i 

American Standard Channel TJ C-shape HlSfiTIUni SttTSStiBHJ iRinBHRIMIHTBIR 

-Cl A EU U 1 XJ O 1 U 

Htfll RIlilRMRltliRIIUMflR C9x20 1 BHRMmitSgRTMttlftiRISil W- BtJ S-shape ItJl ttiCU 

V V ci m Li U c* a 

H1SlCU8HtllRR[UTIi3§|RHfj SflHffiHlSfRR[Unt3§lSHSRflHffii]RR1Tmffl 1 mSfdTHlU channel 

u u u n u u U ,J o* U Cl Li i ci Li 

RHMBIBralfiatiimMiatiia I tti8H3RiaiUMWlURlJBRlBi3 S-shape fan tmslms 
Miscellaneous Channel UjCUtjl^SIUlJtin MC 10x25 RjtdiujAfpSti American Standard 
Channel toll 



Structural Tee TRftnBtiWRIBTauJimRlR W-, M- U S-shape TRl3RHMmRR[lintin 

Liu vj 'OI A Li n ci 

iriUJSMRIUlllUniaiBSTsl split-tee 1 UnUBIBBHRMtTTmiMIUnaiBSH WT, MT TJ ST HIThJtU 

cu V 1 I d ci no U -v* U 

IBllWIunaiBHIUMflHBItltllRlR 1 qBlUimn W7T8xll5 HIS nominal depth 18m. SflHISSHS 
115 lb! ft ItlimfllRftnBRlRIBnin WT36X230 1 SBRird|HlUST- StiMT-shapel 



feasmBff 
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uJimHatnButtifTmaiug imaltnB hot-roiled shapes iiJtmnBtiimmrTtiniJtaiglBa 

m jj A a U U 

W-shape ItiJfi: HP- Sti M-shapes 1 imp HP shape MpitlMMip* IlJtllflH1BltiM1U|Mn|n 
BamBggaiMBtiRHM tt?iffifirifjfmtJaGfTlSi3firiMTSSl31 HfiiJ M Rtimi3§T Miscellaneous 

^ n m v c* U 1 tJ ‘J 

(Itili39) IlJllirantilBSHBTHfmBtirainBIUnatB W, HP U S ISI S1i3 M- sa HP-shape 

O V Liu « U U -v» ± 

pftnsMfnnjRagpijatsmaa w-shape ttij gmumm Mi4xi8 sa //Pi4xii7 i 

lunaitJwrnftnBiniTutiitTiRtTnuiiJi rnftnBuiJimiBinaiug s.rii ttirntni (bar) hib 

V Lru U ~o Liu in -nj c* V x ' 

HisHSfrifi hcu mu saGmmnmna i mMBiuBBtiiuMHsmHBmmimifitimBmtJanBtfia 

1 V 1 Li 11 U U 

Sin. ~ 20cm mGisismujimsstiiitimtnj (bar) t!Pffi!i|Rftnsrjmcuitliffissi3HSPirifj (8 x%) 

(plate) lt?iffiR[lhRfilmwrarjJl|R!WSS1H31tJlffiRrirj 
HSSSti ( y 2 X 10 ) 1 ttimtni (bar) laitlnuss (plate) fj&J tnatitumtiim hot-rolling 1 



II FIGURE 1.7 



□ o 



1 


: : ! 


< 8 " 




> 8 " 

^ 



Bars 



Plate 




Pipe Tubes 



ras 9.ri RummnHsmnmiuntiitii itiroHiGiiwmiitimjB* (plate) jticmRftnsnmsItii 

V Lfl -o 1 U <ii VJ - ' Liu 

junaltjtuQatnsnptutipjfnmijj mtfitu hot-working iSHttiwmunaiiJtiimBitsn ranaiB* 

jultnsRfirjtncuttJiffi hss MtmuHsmmiJRmiuna i HsmnmiuTiaiHHiB suucu sasmtia 

Uu U 1 U 1 Li w u Li ] 

itinjuisjunamu sasHimim i 

v 1 

iniBlinBiunaitiia9iBtR utBimaiwnmmRiunaiiJiiiinBHiHtTutiiBiBlHnuiJifTi 

v U in v u u in -o 

mums i ntimniitfitTGs lunauBtJiBHmBauinmfiTHfmiMTinumiMnnmmBi i tumsIihs 

l run ct U u cj v -o uu U O U 

HiBiunauBiJiBiiJiiiTHJBamiMnnmmBiiB maitncm built-up section atsuauniBlnaiuB 

u C 5 J Liu O e» ± V in -o U 

1 

IC1EUS8 standard shape TltftnBUIBHltfim cross-sectional element tiBfilimitiWimim 

iu A Uu «v. v u 

cover plate fnthsIStffiJIUHffi UfiRUSianJJUfd W-shape 1 fflJIG built-up section tillutiUlS 

A O cu u M cu A c? 
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niM9fTinni3fnraiSBtlI9mtlTBTgtilUM standard shape 1 I£1tlJ8MRTRllTtJ built-up shape 

Li c* n e» Li Li a nj Liu Li 1 1 

1 

itfimwiimB standard rolled shape njnuJWH8fnniUMfltnBTfi9Tllti UHBiistsEUfrintlElJH 1 tsl 
namiminUIB* mtfp plate girder lE3nJJTIQH1Srant3til I-shaped section itiWHlSWlUni BiJ 

tssl3Hffi tiHSfTiRTUHti ulWHisfmunj smsstinn inHiBtimaintiiumnimiflimitiBiiBHt 

U 1 U *V* 1 U su Li i O l O l*. ot EJ 

ggWtnBBfwnimruJtUBijtnB 1 imntSUlSn built-up shape ttflBJfrm standard rolled shape HJ 

u V a n 11 u* A 

miBBumtiim i uBnsiunaiiJpnTtftiigiglmiJmRaauiiJtiiTHftnBiJinsiagtiisia tuitmttf bib 

'saLiulcs o v u u r Liu ct ct Liu 

mnmHBiBiMBTTJiJmuMfi i 

cj- cu U 



X FIGURE 1.8 







W-shape with 
cover plates 



Plate girders 



Double-angle 



|Uingitijti19jnraM!lJRMLHlUI|R)l3UflR cold-formed steel 1 Structural steel JJJW19IB* 
TnftnBuiSni9Ti3iiJimfTiinHMBRUB8!iJmMi3iiIitiiHBiramfi1 i HSfnnnitfiftnBuiJifmBlnaiu 

Lru n vJ ni n U i u Liu in u 

9 9.dl Cold-formed shape raftnBITfJMTHIUTggHBTtmtllUIIlin* 1 Cold-working BUUiSb 

a Liu Li Li Li at Li ] run n 

yield point mafiBtimnuBmmnMnraMuJfi BairmHwnsimtiimMtiiRiriBirafiRafTiiMRn 

J 1 i o & Liasn Uct xJ 

muiBi (aisi, 1993)1 HimMHTniuMfiniunaiuMfiiJimTMtiiRafniuiSm uJimtmiHBfnn 

' i w o v Uwct n i 

IUWflIMi3 instability tjlR?T113iIi3Ri3fnJMRnEi[inS1 cold-formed structure 1 

M FIGURE 1.9 

ll n j — l 
□ n 



L Cl 1 



rammSff 

rt rt 
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Concepts in Structural Steel Design 



ta.9. Design Philosophies 

miMnnHimmHamrt^auflnifBffTinTSMnMHSfnmiJtiiHiBMinfTin satnstuntui: 

O n U U n u u Lj i 1 o e 



ifdtiRG iBmsustiisantnalSnjHsJfinmanfil i tfisisl 

C? 19- C*J CU in Li V 3 CT IS- 



HtimJH1 1 tfjHim?SiTR!StiH8mmt3CUH1SSHSRt3Hffit]RfriTm!i3TfiriCUtj1i3m ttJICUTPif St3HS 

EaJ Liu 1 is ct i) ci Li Li Lru 1 

^Htsscutnss!?RicutJ[uimsilMRnTRli3tJi3m?i!rjnij 

Li vJ * U W w u c* U lJ Pi Liu 

l 

tStihtaciJTitfriciifnHnscunELn.-fjfBfrintitattiJ i mmslSRt 3 fnjR[uisTOfiJ 8 is 8 ri 39 RiR: 

C/ 8 10 . Ct 1 ct 

I 

1. fJTHIU allowable stress design mfRlnBwrJMHlimtlCUHlSCURtUlIHSmfiElijtjl TR9n 

Li <-> Lru U n 8 1 U Li vJ 

stiHHasijnjfnnGmtjTmstSHimjmjRiiTmtiHBtJJHimmraGtiiliRliTmia 

< 2 * 1 ) Li Li Ed i Li l l Li 

Hsnrmi RliTmaHsmiRRMfiisIfilaRtJsmsnMQrarjMHij: nprafitfismBmitiiti 

l no i U vJ <2* n mu 

yield stress F v aHCUJUS 9.6) 1 mHmrdRi3T?fii3HSmi?imijlMSi3 0.6F r 1 iR99EU 

J y v m l U i m ^ y u 

tnsm3Tfnl3 HSHTlRtultintsR yield stress F v tJ ultimate tensile stress F tflHffiSti 
mRtUlfdlRfnn I mmmurf!SRl3fnJ?mnS1tSit3l elastic design R working stress 
design 1 Working stress tilRl3]tfli3iunJi^SntJSRIRfTlJ (working load or service 
load) 1 HUmUCUtnSRtUlSimnSffi mi3Ji3Rl3Tffll3HSimffiRtjll3Ri3T?fll3HSmimsiinCU 
jtiusmfmn 

2. Plastic design RflimwmJfi3SfiCUR8[Ultnn (failure) tjlUCURStUltJSmGfnn Ht3Pi 

TRftnaiTSMWMiiJimiTtiniRsnji^BmiHimin^aufltnmTfTiHnamiJtiiistiiiauamn 

Lru Li Li 8 S<N Li ij Cl Li <2* <2* c* 

m? 1 fTUtflR (failure) RHlSStUtalflHlSfnniniJGtmrdtytJ 1 IRtfUCTIRj plastic tSlS 
TS2TTCTIS tSltnCUtflPT ItaRrafdHttfiStiiti strain G itiWflHISmHGTRUTmSttSm iHIffi 

Li ct n m Li Li eJ 



HanfimalnanuatiiMB emturas ®.m bn iBlinwtaHSRinmtiHwmwHtin 

n o ct eu 2* v i un 

mmtSlt^igMtsia1SSni3|RU|Ena plastic hinge St3iRRi^i3iSiS?fli3iS1i iotu 
mflRtnstil collapse mechanism 1 UfimMlIUBRtiimMtintitilti failure load 
i^mHISiHRnJirdfRfnCliSnJiRrmtlj^ltJl IHtHimJBR (load factor) 1 HttfiiltiEURtUlSI 

i i o n i <2* v n 
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tnnliitss stimsfdfBfnn 

1 C? 

SinjiifriiiafTiiMnnHniimiajTHftnBMititiiJtiniBl: 

Uu 8 V 

• RtUl working load U service load tilHtUSt3mR[UlUSmBHjSStlJtnS 
failure load 1 



• nimnninimiHSfriHiiJtmyitntsiHHjBUBtii failure ttfriHHtntsusmH 
fitirn HamiJniHianinimirauiasninawMMtirauTmB wimfiBiaTjR9 

i n 8 i n U U 

stitnn lalmtuiiJtiiHanianamHHimiuuia* i 

n <* i 

• iTBMnMiunaHSfriRiiJtiiTtmtiitiiaimiJtiiHiatiinimrramB* *i 

U V 1 L» 3 

HamiJniHimBiii^mTgMtnMBaaigliJnraimtitnmmHHiriuamHHim tRfitnBwiR- 

n U n cu i U <^i l 

i 

mni|friHHiriuam5fTiitiimMti i 

3. Load and resistance factor design (LRFD) H1S£0Rdd:|fJiuJi3fnSti plastic design 



THtiifinflwnsimintutnRi iRHBiRtHRimuBRtBltnjuBRiBfm tuimiRTRfinjWtJM 

U a a inirfj ^ o U*j U 

Hl3mt3mHisuwrdtimuTPnsi;BmmrmrasmHR[ifi e i tnjfitntss tiwwiatatnBnTBW 

n lnUUw & i in U n 

TRftnamnnBmuJimmiHaimHHimiiMMti i wmm:TaBm!iJtiiTniuininnafTiniSM 

Uv *>■ i n i i n s *j L ru -o ct U 

tJMHtiRtBJR: 

n 



US fit HR till (factored load) < tJMMvitHRfLn (factored strength) (2.1) 



tiiBtffl tsImafdHfnnss uBRtHRimtiititiiuRtauamBfTiimiaHMttJtiiTRftnBBUBtii 

V <=* 1 V Cj C? L» 7 J 

ttfimHam|tj)i3ufl uJimRimBatHRniiuBmBlsnHtutnBuam tiigmuuon usmti? 
TRftnammttJimiHmmuamiJtiiSMriuaRHitsi i nMfdiitHfituitjitJMfiJifTSMiJlcu 

Uui l rfj i <*j ini in U n 

mmtiiHmaaiHmimiMMti i UBtastRfnBMitMiMumizi tJtsaiatTfnH: 

i w i i n v v Lj 

I (USR xtHRtmUSR) < tIMMia x tHR[MtJMMl3 (2.2) 

i in i i n v 



uamumuitii failure load tfltuuiBRtHi3tiiiauamSfniMiutiimMia tiutsstfistsItH 

& i tu ^ c* i n v v 

RimnaRtRiaiRBtiiia l.cn tits tiMM^tuRtuiTfiftnamRuara tiBiBMHRnmiwwij 

1 «* lniniLfu i) l l n 
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fatifarratfui 1.0 1 uHtinigltfWBimtiitiB 

V i UUm-cin i 

i i i 

Rimni RtiStlifiilRRIH ^srnnncinerfriljtjn fracture, yielding U buckling 

itomiiMMiaiHsiim ^nwMiaiiJwinBniiraitiaraMHaRiiJwrnHUBmriiiMMtiTgM 

ini in U n inUn 

uJimiHmimiMMfi i rmsfnnRanHRmQttirmsmnRtinmsmnmrtnrj tiatfiRintfiu 

lino- o. U U v 

HBtmHHHUIHn 

1 m 



to.lo. American Institute of Steel Construction Specification 

MTH1RR1JMRnRndmH8RlRHi3RrafjiTRll3tJlafinttlR BtifTUHRimUWfl specification 

u o inUUn w- A 

of the American Institute of Steel Construction tfl design specification tutUHlSfiTinfdSIS 1 
flfttftnBIHHnNI BtilS RlrfRIUlSTlHMHmmniUJim AISC committee itiWJHHIslftfRJiftfjti 
liti HRMRJ1|fiJl!|tjlfnfd[UU3it3R tafURRJ Bl3HRfiJU3fiH3M[UH3ItiR 1 Allowable stress design 

^SSnaiiJwTRitnBimraMTHiuMimtiiiJniiSriim^aufiiiJRmarifTintnsnHtinmiuM aisc 

71 L»u U U c U U n intJ 

Specification ifURSHffi Rtiifl ©dbm 1 iSlifl AISC tilBttnstirim specification 3til3 
fiijWti load and resistance factor design fd [HI U fd Qfl R H H i u R JHttlHfRSti Manual of Steel 
Construction 1 imWUimtilBlIRtmimtifilRtitljBitilTHMMTHIURiranflBimH allowable stress 

n 71 U U 

design iHimtnSifpStiB R1 JR till SI R1H plastic design 1 Rmtn*nHlWR9rimJM Manual (AISC, 
1994) JHH1S AISC Specification 1993 1 

Load and resistance factor design HBIH3tilfiBS1§t9 1 fflUngl 9£n)6 Jl[RftilStRt|UtSl 
fTJiSfiiRUhntfl ftitmBlgiBIMfiltnftBIBSTsl limit state design 1 itfiffillRtjlIRltURlJnlijtJfj 
European building code 1 la'lMUlItiH'lIlfjB LRFD tillRISRlJRllllSlttlCUTRlfnSHSnnR 
MimurananrStiiiJimliJR^iraBBiHRiuim luimfitiilBfiuiaiiJiiiHBtmmBiRa American 

U i U U ct 71 l rn 

Concrete Institute’s Building Code ItjCUll'jRltnSJRMICUtjl Strength design (ACI, 1995) *1 
Highway bridge design standard ta flit Jfl til S1i3 allowable stress design (AASHTO, 1992) Si3 



load and resistance-factor design (AASHTO, 1994) 1 
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lo.m. tHfifuittMMia smHRiuiusmtitutiu^tnMtalna AISC Specification 
Load and Resistance Factors Used in the AISC Specification 

8 1 U |J v Li 

Y J y i Q i <^R n (2.3) 

ttiEU Q = USR (RHIti UBH13) 

& m mu 

v. = tHRonusn 

' 1 1 <* 

R n = nominal resistance or strength 
d> = IHRUJlUMMij 

T 1 1 (D 

</>R n IHitOBiminitsl IIMIufiniinm (design strength) *1 HtiSliaiaaigMHfTlI 2.3, ^ 

titmimgBBBUBRHnfim (tibrihrujd mtJHMiflwmBHiriinnra^anfl i ihriuiubr y mredm 

V u i UUmi^'U 

ii ii 

tslsti-jptfistjsn BtimiUBjUBfi (load combination) 1 UBRIHRIdl [RltnSffimsIifmJMRJl 
RnjisirdTHiummSma^mRRaQinjnHriJHrri^iusnmta 6 sitittRitn simrmHtJimrasrasn 

Li nj ct d* Li Li O dt 

IlJtminmuJim “General Provision” IBlRtitjtlR A 



1.4D 


( A4-1) 


1.2D + 1.6L + 0.5(L r orSorR) 


( A4-2) 


1.2 D + 1.6 (L r orSorR) + ( O.SLorO.W ) 


(A4-3) 


1.2D + 1.3W + 0.5 L + 0.5 (L r orSorR) 


( A4-4) 


1.2D±1.0E + 0.5L + 0.2S 


(A4-5) 


0.9 D ± (\3Wor\E) 


( A4-6) 


D = TJBRITiI (Dead load) 




L = iisnmtij (Live load) 




L r = UBRtJtltlJIflTSl (Roof live load) 




S = TIBRfciEU (Snow load) 




R = TJBRtfijti U9RRR (Rain or ice load) 




W = USfiSJtU (Wind load) 




E = UBRimmS (Earthquake load) 
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sraiamjmiti rjHmjA 4 - 2 . y rjtHiuusnmtiJ zam 1.6 iRMTHiuMBfrii A 4 - 2 lni 

y = 0.5 1 HraraimrasRmtiJ THftnBinitiiHM&iaMTHiuMHfniA 4-2 QtJSRHraRtamamH 

' U 1 ^ L»U n U * IJ ct 

TJBfimtitJ L r , 5 U /? TnitnBimtiinMBlBMTH 1 UMHfniA 4-31 

<ij ' -VA Liu n Li 

iiiHHimiiMMti d> Hismmsltnsisn 0.75 tsl 1 1 

1 in' eu nj 



^WW!^l)L»MMI(Hl3nii3miMi3H) IBltilB81i3IWIUMHmiIi3UBniJt381i3nmH: 

n n <>, v Li 



USfntjl (Dead load): 


485£(V 


(Floor live load): 205£(V 


usnmtin^yth (Roof live load): 


84.51UV 


ilSRyntU (Snow): 


89 kN 



a. niuinmiuBiuBRiriH aisc iticutuu BtimHUBmHfiimuJtiiTfiJm 

U * 1 EU & ] Liu Ct 

b. TUMBIUIHmimiMMti <b = 0.85 1 tH nominal strength ftiWTttffnnwUBlB? 

Li 1 in' Liu 1 ^ 

Btamsjantn: 

a. usrasmtlcucuiJtjTOS 0 msmtlcumB?itJsmHSi[uit3tjii3mi iraiisiansRTMHfriJSHffio 

i ^ n i eJ u 

i ii 

iStiJHismnnsstausmtiJ d . usnmtintiwtnsnqumnji whir BtiHBMjtatnBHiri 



iwfitjntu l , usnmtinSthinsmntiS^ytiJ L r Btiuafitpw s i 
(A4-1): 1.4D = 1.4(485)- 619kN 

(A4-2): 1.2D + 1.6L + 0.5(L,. U S UR) 1 Iflim S > L r nUttf R = 0 

tntnBMRfifniuBjuBmnHi3Rn uJitmtu s 

L2D + 1 .6 L + 0.55 - 1 .2(485) + 1 .6(205) + 0.5(89) - 954.5&V 
(A4-3): 1.2D + 1.6(L r USU/?) + (0.5LU0.8W) 

M|HiuuB}uamB* immyj s L r itfim r = w = o 

1.2D + 1.65 +0.5L = 1.2(485)+1.6(89)+ 0.5(205) = 826.91WV 
(A4-4): X.2D + X3W + 0.5L + 0.5(L ; . B 5 UR) 1 MHfnnSi|R!tnSfTlPitJSffiHR 

mu i.2D+o.5L+o.55 itfimsnHmmian irammmtrifJHmnss^cus! 

U n -o n v 

EUStsEUfitstiltiUSj (A4-2) St3 (A4-3) 1 
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(A4-5): l.2D±1.0E + 0.5L + 0.2S 1 Itfimwil E = 0 flBIBSMHmnBJfftftnBmR 

ustiramBH i.2D+o.5L+o.2s uJwniBtinjBBnjtnBriMHfnnBsnBtfiti 

Li d U V 

custaCu^cugstutnsnfJHfnj (A4-4) i 

d U V y 

(A4-6): 0.9£>±(1.3Wm.0E) 1 MHmnB8inBIHH[muamtjIHtitili3MHrni3l9 

sriiinmtiigtitiiiuMMHrTmasfratiiatiiBtitiiiuMMHmifiiBi 

d V d 

ai^Br:ua}uBmiJtiitiiun(A4-2) luimuamHHniin 954.5&A i 

b. TUMBIUIRfiBMUamHH[mBlt 3 IWI 9 lntiMHmi 2.3 IffitiSSEUtpS 

U W 1 <=* W 

I A ( 2 , ^</>R n 
954.5 < 0.85 R n 
R n >U23kN 

fffff m: nominal strength UtaJfgtfmiH 1123 kN 1 



iQ.ts. HttftftSfUtflUtlJtfinJfiJ Load and Resistance Factors 
Probabilistic Basis of Load and Resistance Factors 

mtiiHRimuBR mtiiHRimwwwtitatinntiufim aisc HnijJtmtmmfrijahmtnSmtrr i 

1 ^ 1 1 Lru 

iHRimiiMMtifriimifTinHBtiiRtiJimBtiinimiiuMMini: TBMiBmiwnfmimBi Btifnifinawti i 

i l o a j~i U ci O 

8 BBmiafniniftni 3 TRftnBUiJUTmi 39 lti histogram U bar graph tiBUiJimialniaJTJB lQ.9 

ct Liu in "jet -\a A u in -nj c*. i) 

i i 

ItJniHiBHmHiuMMRnBiiaiHimmHiuMMiininni mnBrmnji (event) BtiHfnmitfiiBfinjna 
iHimBBBMiijnntiitaHiBntHtfititinti umnrnnrrrm (frequency) ismntimsImsmHtfiti 

U V tu 'd ~o ~o 1 J vJ nj 



until JtPJ (bar) BHm9HiBnnmi3iHimmHM[iinntiiHm9 mtisismBHtin rawBiuHiufiiB 
RRtjIfnRJffi IfnnBBatinjnaiinmfniraaiBR relative frequency 1 Rtimonramss tiUJHfiJTJM 
HiuJiiBBiaiM 100 % i rnMBrawmHiuMMtiiTtiRfTiinji luimnuBiMirnintiiraurmB mttfiiB 

Li tJiUn Li u u Li Li 

mnBmrnjnticmBfiHis i 

U Lru tu V -VI U o 

Relative frequency RmBMIlMItilBltiSMIfTintiailJl lt3WtflSmms1SlS1§n 0 Sti 1.0 1 E3t5XSS 

1 J vJ tu tu V 



titunmuMHiuJiiBaaiM 1.0 mimniMBiuitni (bar) sHDMtnsBBtitmm titnssTRsmtafimj 
lUMflnrmHRBaiM 1.0 tiiauJn WBtinnBsurmtitiiratnnwimtJtiiiMBa 1.0 sasniHiturnB- 

U u d LX Lru '■*> Li n 

ftimiiMmalnaitJBtiimtiiuMiJnTmHi irsmBiss ratnutmmaRtHtiititintiitJtiiRBtiia itJtusn 

ct U U U cu u 
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mmelasaiiSmsn^mrjSnTrnmSfiJtsIgiaraararjmmsig'i ratnnwinigrrinfniiifiiiJtii 

vJ >* Lj w U u c tu Ljw Li cn 

HismHMmsimsis a sti b tslmajus la . 9 iMaarnariitiiuMiJnTmHigitiim* « sta z? 1 

Rj (\ cu c* v vt U w lii u u cu 



* FIGURE 2.1 




Sample value 



HBatiflinJiimiMfiimimm imarnitmwriiuHB 889 iiJnnTtfiBlRanitnntmRi HtnumR 

1 tJ L»w n w n cu Uct Liu cJ 

(mean) x IBMBfilHMiminRI II population tilfilHHnTHBnBUtaJ 

v 7 i cu w 1 1 cu fcJ e» n 



- 1 



=-Z- 
n 1=1 



tt3cu X: tilfilHWnjnRfil Itlim n tilBBBITJWfittn Median tilfitHffliniUJITJM x HJlffi mode 

' cu V V cu cu ci 

tilRIHlfltmRRHIBtTimmUtiiaiRI Variance v ^BlRlflW^MrimTHUTHtlllBgBBmmaHMn 

cu ~v> "\j ct Li Li u ct 

mean ItlimTfiftnBRimRtiBBltilTR'lH: 

Uw 7 J U 



-Ifc-i ) 2 



n i = 1 



Standard deviation 5 til UfiimUIB variance 



5 = 



£ th-if 



tiBRiaa variance tffi standard deviation tilflaiMIBulTHUTHllJBltiHtll UIBfimBBlR BtitfitflUlB 

V c* c U by win <=t 

Jf1i3Ri3£iKRtil data 1 Coefficient of variation V tiltitUion Jflti standard deviation ltd mean 1 



v = d 
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njWBItfrRtjBMRliratilBR frequency 

Li u l J g-1 i Li n cii ^t. ot ot 

SHI (data) imMRtUllHBRHBIBStjl probability density function 1 HBRHafmnBJfRftnB 

uttirmsl minis to. to *i HBRHarutnnwinTRitnBRnjiBiiflimiinmTRanttiMimiJtiiialniTmH 

LTl -\a c* V 1 Liu Lru U vJ di i Li 

1 

ISIIRItilMEBBlmRI 1 HtmUHBfiHB fix) 

\J pi Li 1 * / \/ 

[ + 7(4&=i.o 

J — 00 

ItJWHlBBmtslTUtnU^RtBRIHMimiRRI nrnRRlI[ljillJtlIBi3IRRiml3IMBl3 1.0 1 TUtnUIMIRtB 

Liu su t) mu n vJ Liu 

rnRHUimialBisi* astib islmnus to.to iwsmRsmtnimmsnmmnsis « safe 

Li e~i eu o* u Li vJ Li \J nj 

l 

\/{x)dx 




IBltriUJUJUJtRITtJ probability density function IfiMBRiraBHfiMETTlBltilTR'lH 

Li 1 - j j ~t. U n m U 

H = mean 

cr = standard deviation 

iRiniRiin/initnnwiRiuMiHRimuBR BaiHRiimiMMtiiiJtmTuuJim aisc TRftnsmnm 

Lru 1 rfj 1 1 n U Lit) m 

tSlRti ASCE structural journal (Ravindra and Galambos, 1978) 1 RsnCUtlSR Q BtiURlMij R 

tfmcmR luimfiinTtumiglBaiHRimtiiiiBB i irbibwib sassni^stJSfinmjfifjiTRliiijatjifi 

m U i U «t> u Li U m 

ii 

tfut3 itiitimMMtiTRftnBRimBi BaRimRuJimRiiniMun Q sti r TRftnBuluRiHimtfiBnRi 

n i n L»u ^ Lru c* 



tmmttaiintimttufflttMmtffifmffltiff 
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IU1HJ HlGUtilCTllJl frequency distribution histogram U Util HI tfl theoretical probability density 
function 1 

fuSsmmrdtitijl{mmS probability density hl|H1Ufl|ntlJUSR Q StiUhJhJti R ISlttU 
TfnRGiRHffi tiatslntiras ta.m RiisttituTRlRisti q>r titiimn failure iuim q<r titiimn 
survival 1 TTJMBraminJtilBfi Q Sti R THftnBiJinumtiimiBlntiHBnHBlHHm mnltiHists 
R-Q UnlfpSti survival 1 titsfp jTJhISttn?n{U probability density function R/Q (1HRHJ1 
fdffifnn) survival THftnBMltitiltflHJHlH R/Q titilti 1.0 *1 rutnnWimiJtllTRfmBti failure 

SitytnutmniiJtii r/q Rtstiiti 1.0 i 



p f =p 



r R^ 

kQj 



<1 




In 


'R'' 


< lnl 


= P 


In 


'R'' 


<0 




Mj 








Mj 






18jimtiratii1jR frequency IS In {R/Q) [tiftilSUtilCTtSlRtiraS b.til tRHIQRtinfiSrtiltitUHIS 
[URtuirfiHaSitSHcmsi in(/?/g)tii 

q n mV a ~ / / 



' R' 1 




In 


' r' 










lej. 


m 



°ln(tf/0) 
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ititU 





' r' 


'-a '-a 


' r' 


In 




= PiiHHGJH (mean value) IS 

m 


J2, 



a ln (R/Q) 



= standard deviation IS 



kQj 




imainBMnMiiytnutmRtB failure tin 



p f = p 



In 



f R ' 

kQj 



<0 



= P 



l^ln (R/Q) 



In 



f R A 

kQj 



<0 



-i m J y 



= p 



u < 


' f r] 

L l Q). 


m 


> — J7 . 




' f r) 

L l Q). 


m 


a \n{RIQ) 


t u 




a ln (R/Q) 

















iutU F u til cumulative distribution function IS U Util til iltUidiuCU U HSUtilti argument 

rafdHSfiHs i uiMBiuimamn 



P = 



In 


' r' 






{ Q). 


m 



ISIS 



In 



v 2 y 



a ln{RIQ) 

= P a ln (R/Q) 



( 2 . 4 ) 



r R ^ 
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imnBUiJimHtmn B tilHSStS standard deviations ntmCUIS mean value In (R/Q) 1 iuHT 
fdlRffin. mean value TRllfi fits tjl i3fJS| ttnmtflltnR p TfiltpStmUlllsl safety index H 

1 o- Uu^TJeJ 7 L ru J "vi 

reliability index 1 mmSifflSlifitl RJRfdlBfnnfTlSiRG 1 ISgHISSffitiimtnUCdimS failure ttiEU 
HtilHlttflffittsfifUSlRtiraS 10.6 Si3H1SR[UlfifdfnEU P F StiHlSfUHfitn Reliability index 

in -nj d* d 7J i cu v J 

fjIHSfiHStSfiSnEUHSR Q StiUMWii R 1 mnm reliability index titsmMTmmfimmfiSHtiFi 
iiJtiiiaraunnnBuaR SQmst3mjtitijiHimHl3fisJuwri3l3muTmfiSiE3r t i RtHnimn (target 

UU & v c* n nuinUU cu ^ o 

i 

value) raw p tauttirniBlRtiR'inti lo. 9 mJtnsnBrjurd smrmsIrnimjRMsiraRiirrasn 

x 7 in -o c* Lju Li Li ot i d* 

BtilHHimilMMijMTtnU AISC Specification !lJtlItlDnt3RmMI9TtiUJim Ravindra and 

] Id Li a ot vJ 

Galambos (1978) HJlffiHtflSHttinitri 

x ' in -o 



<t> = 




R„ 



0.55 pV R 



(2.5) 



tuCU R m = mean value ISnfdfdtt R 

III i n 

R n = nominal resistance HnMMi3fTIHT9fr) 

II -ci i n U n 

v R = mRtidm[HU[Htmurj r 

MHfTIJ 2.5 tilMHRUMTH1UIHR[imiMM6 <b ftiUJIinmiBlRia Commentary to the 

U i i n 7 ct J 

i 

Specification 1 



JWWWllL^llJBRtH (target value) JtJM p 



UlIRBItRjaufl 




CUR81U1HSR 

a a <* 




D + (LUS) 


D + L + S 


D + L + E 


Hi3fi 

n 


3.0 


2.5 


1.75 


Rim 


4.5 


4.5 


4.5 



la.Cc. Manual of Steel Construction 

Manual HlSnifilEi tamflBHmHIBBimtiITjtiTil “Structural Members, Specifications 
and Codes” HIS 7ttlR UJimitunmifi'lIHimB'lHtifi ItjimfTlRBrinnBBimtilBa “connections” 
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his suifi ItiWBmimnmifflmmsHijn 

ct U n v -n* 

ct 

Parti. Dimensions and Properties: i^RtSoHISnRHISCUHPin standard rolled-shapes, 
pipe Bti structural tubing iSthjHHISSlflHBmfi Bi3tlin[m:MBlB5mtJHM gt3til|R9piti 
StiBHtiStsCUfnn 1 tt3mt3tUHlSnfHnmslRl3 manual IBSTKftnBHBEmmtfim AISC 

V U ct Liu i rn 

Specification fd|H1Ht|H|tnMiSlRl3fdndi3Hmn£3nJJHH1StiH81l3i|fnH: 

ASTM A36: Carbon structural steel 

ASTM A529: High-strength, carbon-manganese structural steel 

ASTM A572: High-strength, low-alloy structural steel 

ASTM A242: Corrosion-resistant, high-strength, low-alloy structural steel 

ASTM A588: Corrosion-resistant, high strength, low-alloy structural steel 

ASTM A852: Quenched and temped low-alloy structural plate 

ASTM A514: High-strength, quenched and tempered alloy structural steel plate 



Part2. Essentials of LRFD: load and resistance 

ct Q v Cl 

factor design SUHlSgSIUlJtllitjliCUgHainitallttlJ 1 

Part3. Column Design: ItimB8inBmni3^ireBMTH1UMTH[lItlIlJtljfniH[mBimtiHl3H 
JtifTIJfd^fimHHRj Bt3 beam-columns 1 mnt3mm|pSRrd[HimSmStlJH1S yield stress 
36 ksi ~ 250 MPa Sr3 50 ksi « 345 MPa *1 

Part4. Beam and Girder Design: t^fTESoRutsttaRS 3IulfiflH1S design aid tjlITHSJH 
HISfnna Bl3|fnnt3 *1 Design aid mmjpBmBBOTmnmJmilUM AISC Specification 
HIS design aid Soytstil Beam diagrams and Formula PTS4FiSt3St3 structural analysis *1 
naitimBjninBntunnrifiinjiifTiiHimBinH sa girder itflmmBEimuinmuiJicnrimiMfiri 

ct ct U ct c in -Sj O 

PTcinsTssJertia i 

Part5. Composite Design: itimBSIltununtratouiaMHIM itiEUtflSlSltilGH UfiJfiJJ 1 

1 ~ ct U UUin u ct 

n^auardHirdtinsrmSimriJHiirnnmnsR itimmtotrij Btirantimmh tfinHtn m 

Li U tn vJvJ j~i U U u n l 

lTtJnHMH1MIBlintllllJtlITUilBnHTMUTgnntlI8[inraHl3innH 1 IBlnafTlIHBiH element 

u ct Li ct Li Li ai ct id 

liJniiinimuigiBafmuBiaiwTHftnBuauiBlnaiunaiBHTfnuMinRmtirii *i fdfdJMHiM 

*J ty eu Liu n ct i u ,n 
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HiBtiifiJmn^anfluianiglnaraniairmH uitifinnuntifanjuinmitfimrania i ftima* 

UUinncti Li 'o i <=* 

HIS design aid StigmtTI JCLnUtinnitltitt3 J 1 

Part6. Specifications and Codes: itafiiSoHIS AISC Specification Si3 Commentary, 
specification fd|H1HH9Ji3nMMi38fj (RCSC, 1994) SMfifimtiiSiSjfi 1 

i 

Part7. Miscellaneous Data and Mathematical Tables: itafiiSoStlfltlJn wire, sheet 

ofc 7 

steel atiwm'MimiatitgiBfn i nfitiifiHismumthmamHS 

svJ ,n U u is- v a 

HimriJgn aaiHeuiiiMtinamtiitiBiH i 

fcj 1 u c* 

mfism (tatfiuJim tiuifi) inBsnnaMTinntiranafTiifiimmrninfTiuiflimfnitiiii 

O ct Lj y c* u>- O 

SilitllffiHgT^IHffiSlimnattlnJtatUimffitihlltUHRiCh standard connection 1 

v vJ i) n 

aisc Specification rmBintiiitififintsHminM Manual i mm stifiimtintinasitiwim 

A Lictyy UsuLjLj 

tBlfitifrifiSMTJM Manual THftnBUlnnilBHTMTHnilJwSlimifniMnnfinilBI ItlimflHSHlBMnWI 

ct ct tu Litj in -o e4 Lju O 

1 

i Si fill specification IS 1 
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miuns 

Stun: UBnMHHRHm43HMtiingmnmi (service load) 1 

2 . 3 . 1 . rdrjnsItiismmiSmrdHmrrausRfdamtJtiJtnsn: uBmtsi=i37iUV , ubrhitjJ = i.5kN . 

do n do do 

uBRHitsifiJtmnBHiriiwfiytii =85 m BtiTJBRjfitiJ =90 kN i 
r. RndRfTiras 0 msmt3cuHisnjR[ui:tutJ BtiUBRiHfiim i 

0 a 1 <ij 1 

8. TUMBIUIHRIimiMMtilMBa 0.85 1 1R nominal strength fiTHfRIJJUWMMJtRBfitHUBIB? 

2.3.2. MHIItiUBRtatnBri: TJBRttj J = 1 15JUV . USRHttaJ = 67 kN . UBRHItslflJtllHIBHlfilW 
l3tJCU = 22 kN . USRTntU = 35 kN , RSRiRfti = 22 kN StiTJSRSTtU 35 kN 1 RSRSItiHfjtiltJSR 

V do Li do nil do «J do dj 

fdi3RlWRlCUl31RtJSR81CUitlCUfflRtiltJSRmni TJTJBRMtiR 1 

n djU do -o -vi do n 

R. R[UlRRiraS 0 mSRtt3CUHlSCUR[Ui:tUiJ StitJSRtHRtUl 1 

O do a i do 1 

l l 

8. raMBIUlHRimttMNtilMBa 0.85 1 Ifi nominal strength RTHfRIJIUMMWItRBRtHUBlB? 

2.3.3. UBRIBilSnHfiutlllHinBUBRHItsI 2.9 kN I m , UBRHltslItJtmnBHiniwfiuni 1.9 kN I m 

do C* u U do do ?J 

StiUSRTntU l.OkNIm 1 RimRUBRIHRimflJtlllRITUMTHinMRJlRnilBlSHIB* 'nRUSlUSRHtU 

do Li do] Li Li vJ c* O do 

nmltScucmi? 

i 

2 . 3 . 4 . iRBaMRnRimBinHMTinuranBSuni BarunBRTintiiMTHiuHRiiRUtiriwm , i riuirrsi 

O ot LiLjc 3 ?J Li e» Lj Li O 

TjgRitiwtmj BauaRiHRniiMymuRinjisfiaiiRiH: 

R. £tltu: RSRttii lAkN/m 2 , UBRItsIItJUIHIBHiniSSutll 1.0 kN/m 2 , tlSRTHtU 1.0 kN/m 2 

V do dj V u 

Si3RSRSRlRfl31t3tUtnsnRHrjSR 10cm 1 
1 "U " 

8. RfHItU: RSRttiJ 3.0 kN/m 2 BtiTJBRHITjJ 3MN/m 2 

1 i 

2.3.5. tjltf}m9 1R1Rl3SRJlR[l^Sird[inl3HRimn^R^HmSt3[Unsn|pt3HaR{St3 (diagonal 
bracing system) lBHjSUSthSt3USR81t3 ( RHnl3R1H9MUjRIlJtmRRriuBR8J[lj BtiUBRimm!!) 1 
RtUlRUSjUSR Bi3nBRIHR[m!lJWnraM|jnunBRIlJWtnBri: TJBRITjI=59JUV . TJBRHITjJ= 3UUV . 
UBRHItsl!lJniinBHirilwfiutlI=5.8iUV. UBRtritlI=5.8iUV TJSR 81 CU= 610kN BtiUBRimmiJ 

do V do Li do cJ do (g 

= lllkN 1 



mams 
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III. tTffttiutfrtafmgicn 

u J Cl M 

1 

Tension Members 

IP.9. IMBfittaH (Introduction) 

Cl Cl 

irnfauditifnimm tiiu^tauarjnjialSmjanHiaminifnHHnn fiTnftnBtmTtJWTinu 

U U m 'o UUm m-o Liu U u 

i i 

JHHmnJSltif^tiHti truss f3jfflHfiJ{HlH suspension bridge Si3 cable- 

1 v 1 

stayed bridge, {HnsnfptifffTlJ StifdlS i8jmUM|H1tj|ynS^1JCUnjJt3l3it3n W|1HIHHtSf)Ji3 
frurnm TRgmtaHgfTiR^HRRtidRwsfnnstjs^isIstifiHiagimTfii i ftimtinjHisHSfrmHcu 

-oUvJ^i ct d cu Li 1U 

Si3 IJlmRtiUlfnRi (rolled angle shape) {RftJlSimfmjISlSl 1 fflEUSS HSfTlfT built-up H 
BSfTlfTUlfiffil (rolled shape) UHSfTlRtaimnHSfnfiUlfllfTitjIHtlJSllttlRtJSi (plate) TfilfilSm 
t|p|ijlfjRi3RjndStjsCUtj1HffitJSRG1 HSfTlfi built-up fnmfpStfl double-angle section (JH 
srn.G)) tfiHffistiHsmfmm^fsffTi ftiirafmnfimnTHTtnMHsmfifsgHisfnnscusciriffi 

W1UVJU Li U i V V 

fnnl3CUR[in:tSHS]H8fTimRl3 (combinations of angles) ^jti9R{RftnSHmWfSlfTi3 AISC 
Manual of steel Construction 1 



Figure 3.1 












VJ 



' — 7 



V 



ma r?nm si mi Hta m j m m fn h h riS 

l U ct n -o xJ 



f = 



P 

A 



raMBiurn9mtiH8mnraMHtimtimimmrarawmHra!fti '£STsni3T?nt3st3tmmcu?nH 

Li u U <i< | n ~o Lj Liu Li l Li Li Liu 

HBfnnliJi i tfitsHsn t atifi Tiarmsi ml t3 cumiiuSi mu 9T4a inalmnBnmjna i iRHisrawTH 

1 v^LiUei -OCJ- V U n U 
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tunamt3Hisflsntuts1ttunaTfnt3 t i tsimamrmtsg imtjiniHsmnniiuna *i TRBmtiHSR'inwB 

O 1 Li c* i Li Li vJ < 3 i 1 ] e» 

(net area U net section) ^HgfTIRMSitJnJHsBRHgmnitJiUril) ajTiSJlitainni (gross area) tflHS 

mmniTiiiJtiinHiHmaHsmHniluna *i tfnii ms HiaHiamimrniHiafTiuiiJimugTaialmatia cm 

u 1 Li Un -o u* u vJ l v 

gtn.b) i 



Figure 3.2 




mjMRriEinjisiiT^auajafTirmrTi R^mniSMnMHamiJtiiinBHsrnnrauTmB uJhtbu 

O Li U cn "nj Li n 1 L L W 

BWBtifitirmtitatnBnuBmHHim i ntiRinjiuJnnRimntesfnnHtin iRHiBRimBinwwiaRimBi 

i L <* i ct min in 

(design strength) ltlimim5fnn|UjUI13jUfltilHmUBmHn[m 1 tjistsl RliMRJplRIR (analysis) 
tiifiin/iifniHimBTJfnH aBtnnRRiiMf^minaiHSRifi (design) ^SiiuiifTiiHimBitmitisftiin^a 

itiimTnfmifnitinntiiTia stitfismdMrefMHStsR i 

Liu eJ l U 1 



m.lQ. tlMMliltUUlBl (Design strength) 



It^aufliamiBiniHIBHB^UII^mwiBfTinnimH (limit state) niffilD: 

- RUlBlBiaiBimilSMtllU (excessive deformation) : iBtJfnitTUWlBfTinramB* tlBRtSlltij 
H8RimntTl (gross section) |RliRHlSmHRt5|Rtj|R1S iflniBl^JfltiltniaiailWHSRlH 
ttini (gross section) HIS KIHHBtili3Ri3|lfil3mitlI (yield stress) F y 1 



P. < FA 



ftfljtiumtimtmtv 
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O . 

tuCU P n = nominal strength in yielding 
F = yield strength 
A = gross section area 

- fflltflB (fracture): uJHjmimimBfnniTJTJIB* RtitmtiiallWHSfnnMB (net section) jnf 
tHHIBKIHflBtfiailWWiatflB (tensile strength) F 1 



P < F U A, 

O . 

IfciEU P n = nominal strength in yielding 
F u = tensile strength 

A e = fnBpitiHSmflMBJUWBfTin (effective net area) 1 fitimimEH A e H13RIH 
tMTRBTlltiHSfnnWB (net section) A InnamnjissfiHiBsriHnBtjHa A 1 

^ Li vJ di | le» ' n ot nj suTJ " 

i 

tmsutjl ISltthHSfnfifdS (net section) tRfiHIStinCU (yield) HBRUJltB fafitTIB 

TBiaTmmialiwraiiaiaHimBiaHiHRB^tininBTBiaTmmiBiiiintiniafTiimrTiiiJtiiiBlMWi 

Li Li Li tu y y Li Li ct -o 

HnntnHRimBnJHMJTJ (total elongation) tfrtiWHimifltitjnitiullH aiaNlBWHIBjU (strain) 
( HaRHBI9lBaRi3[mti) 1 MnafnClRCUlR (limit state) MlfHBSjHSrnntnni (gross section) 
Jl3fil3|?nl3tincu (yield stress) miiimwIIIHimBtllHMIUHiamHBtiia HBtHBltflHJ 
MUfTUffllUl (yielding) HStS 1 

IHRnJlIIMWij (f>, = 0.9 MUnUfTlinnni (yielding) 
tHRnJlIIWMij fa = 0.75 MfjnUfTlItflB (fracture) 
nMHfnj i.3 imamBMiiMi 

TjFiQi ^ </>, P n 

tticu p„ tiiuBjuamHnimfiJniHiBmHBtiiaim 

uJimMinmnaMiBfnnnimn (limit state) qsshj tiBiBSMiBmnmianiTKimnniwnsim 
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P„ < 0.9 F y A g M|H1UH8fnmnm (gross section) 

P u < 0.75F„A e M|jnUH8mHMB (net section) 

eu v c* eu in n -o 

(gross area) i^ramslRHis 

wnnufnjHBifiBiBl isttitmtngttfiratuRnjirtiBSia 

U U U l n U c3 0 a 

drill or punch oversized holes IfiTfifumnaH 2 mm I Bl l W Hti Htl H I U fij USTld 1 fiiTHld drill or 
punch standard holes IfiTfiJUfitnaH 4mm IBllWHl3n3HinMUBTtiIlJnnmraTtnM *1 MTH1U 

A Liu u*^ n is- u vJ u u u 

JSTSlfti (slotted holes) tRTStftnBinumnaH 2mm tBlttUHiJRSfiJUfiitiBttn BianfnHtfifnnti 

d u ' Uu u n is- V vJ U 

u&imnHtinStraBTti aananBrna *i 

nw-u^J n i* & 



Nominal Hole Dimensions, mm 


Hi3fiBsiUSTr3 

n 19 - v vJ 

Bolt Diameter 


8in|tmmt3 Hole Dimensions 


Standard 

(Dia.) 


Oversize 

(Dia.) 


Short-Slot 
(Width x Length) 


Long-Slot 
(Width x Length) 


M16 


18 


20 


18x22 


18 x40 


M20 


22 


24 


22x26 


22x50 


M2 2 


24 


28 


24x30 


24x55 


M24 


27 [a] 


30 


27x32 


27x60 


M27 


30 


35 


30x37 


30x67 


M30 


33 


38 


33x40 


33x75 


>M36 


d + 3 


d + 8 


(d + 3)x(d + 10) 


(d + 3)x 2.5d 


[aJClearance provided allows the use of a 1-in. bolt if desirable. ( jin j PH 25mm ) 



qmmnfim.9: mriiJrtthrt A36 facuHisBsmfi 125 x 12 . 5 mm 2 mfwBtmtjifftimtimrmtn 1 

1 Uu U n ~v> 

timtWBttfnmfflBtJ gusset plate tflBffiSmSftf M16 GSS 4 ftilU (mSCn.CTD 1 ttimtUBtitfl 

Uu W- <-> i JJ z/ W V u u 

effective net area A e ffiJStf net area SfffffflfifffiJfifijfflUlffl (design strength) 7 



ftfljtiuijfitmtmiv 
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Figure 3.3 

Gusset R 




12.5mm 





20 mm 

T 



Section 



dmmtitmtn: 

ttimtiBJmBmftA36 ms F = 250 MPa Sti F u = 400 MPa 

* 's 

tU [mtf yielding fS gross section 

A g =125x12.5 = 1562.5 mm 2 

UtUtUti nominal 

l n 

p n = F y A g = 250 x 1562.5 = 390 kN 

nmnJtiffn/lSJ (design strength) 

</>,P n =0.9x390 = 351 kN 

f 's 

fjjmu fracture tS net section 

= A g — A holes 

= 1562.5 - 2 x (12.5 x 20) = 1062.5mm 2 
A e = A n = 1062.5mm 2 (tu[mmfi%mwfmssmtypg) 
ft tUtU-U nominal 

l n 

P n = F„A e = 400 x 1062.5 = 425kN 

UcUcUStUlIISl ( design strength) 

<t>,P n =0.75x425 = 348.75 kN 

timSS tftytUtftitWSI (design strength) <j> t P n = 348.75&V ( ff WtffitiltitilBljftlJ) 



fignwiBfitiTfntiti (stress concentration) HaTnftnBinritmnmniafiinjiiaMg Inmnnn 

e? 1 U n Lru ct 1 

1 1 

RaTmaiBlTntiiaHiamHTu!tnwniJi3Ri3Tsni3Hi3TH!iJ[mRHHiaiBiit3 net area wimnmmmsl 

1 Li Li e? iu Lj ] Li eJ i U 
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Tfiti fillet IBHSfTlHUlfilfTl H13RlH13filtiRi3TmaH13THIti}MrillJt3 1 UJirntmifafilElMH Ufnn 

U i v ci cu i U eJ c? 

UlfiEUfiJ (ductile) lUMltifitasmtitoinB overstress TRlfnSlITICUfdTHltjfnJfinflSlSlSi 1 

V U v L»7 J Li V 

ITmHWnSIintjimMti ttifiHIBtnflUliSfnnwmTJMfl Itlim stress concentration mt5m§ntnj 

U a a n o c? ‘J 

1 wisfnntssjHHis fatigue loading BtiitmHMnimmnmuiHBiBB 1 



gmtmnfim.b: jmiJtifnimnjvsmmniitmaj L89x 89x9.5 fniwammslsti gusset plate 
tjiBffismsrti M 22 a 88 s rmu (tuScn.ts) i mntimss msmfiA36 i usmtfi dl = 1 55 kN 

V V W V Lj V <A 

BtiUBff LL = 61 kN 1 J/nttffSfnmB! ftimfJSfj effective net area A„ mi 87 38 85% WEB net 
area 7 

fitnmxitmm: 

U8JU3ft(load combination) 

l 

(A4-1 ): 1.4DL = 1.4x155 = 2l7kN 

(A4-2 ): 1.2DL + 1.6LL = 1.2x155 + 1.6 x 67 = 293. 2kN > 217 kN 

=> P„ = 293.2 kN 

NfiJnJiinW/87 ( design strength) 
gross section: A g =1610 mm 2 

<f> t P n = <t>,F y A g =0.9x250x1610 = 362.25 kN 
net section: A n = 1610 - (9.5 x 26) = 1363mm 2 



Figure 3.4 




L 89 X 89 X 9.5 



Section 



=c : 



A e = 0.85x1363 = 1158.55mm- 

</> t P n = (f> t F u A e = 0.75x400x1158.55 = 341 .51 kN <362. 25kN 
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turn p < (bp (293.2 kN < 3 Ai. 5 ikN ) uGiss JwmsMffimmfriwumnimsiin i 

u r i n \ / y / o* -\r a a 

tslntigmtnjnjisimfmss itfknSnitrrasjusfi (A4-2) iRltnsraRHmffnmcuisn isl 
intumsimismtii twratismtij frntfimisRmtii 8uti isiiimitj 

dj djc^ u u n v u 

tisjtisR (A4-2) iSHjifmmtuis'n MfHTOgs'iuijnfis'itiHS rat3st3Hst§fnn^jafifitJSjtJSR 
l AD (A4-1) IS t£3lffifinnfi!lHSmijGtjli3tJSjtJSR (A4-2)t9 1 



m.m. tRSpititJ8fT1fiMgtpM9fi1Cl (Effective net area) 

R) 3 i 3 inniHRmtjitTQSitituHisfisntuis 1 t!SmjmfrintJfjjtnni 3 friJsini jrafmsmjRfmj 

a n u a c -o U U’ 

i RanfnmrasiRi3iRm§iJtnreii8nra mjEi[uisis!fisnturarj!iT?i! 

tnsimtnitri Joint efficiency 1 RmtSitj1HStiHSISlSi3fnnM?irarjriJH1J: (ductility of material) 
(fastener spacing) Ri3|fnl3^Sl|fii3|iJIUril3 (stress concentra-tion) SfHti 
ismjtaiSfimsilitnfinmtlnjmfiritutfitji shear legi n?nmtitsssn^THispriJfriFitJsmmwsjTin 
rarjjtn? ms shear lag tj1RfnHffilt3nJfd81Stjli3m 1 

in c ’ n u 

Shear lag IRf1H1SISlinWIJlfOH8mfiJfnJS1l3HtUHSTflffnSfifntj tiBtjiialinnjuJnjitjti 

^ 1 V Liy M- V 

inaraMiiJmRaTHftnBfTinitJimwiiugTtiiglaa gusset plate c m sen. ft tmi:MBiBraMrrun 

mtiuJimitin inflntiRiuMitniiiJtiiHfnniauBnis (overload) luimitimiJtiiHanfnuHaia 

t > ctc'^Jct W- dj v y ct UJ- 

marmmncnmjcn ^ fniuBimniiiannaHfnntimfnnnBmfigntmB* *i fnnimfnfifuJnnffrgTti 

1 Li -o iuLi t>w <n. e» LiLi e» vJ 

Itflffi Munse Bi3 Chesson (1963) tnBWimHtllSjnfl shear lag fitifTUfnmJBHJ net areal 
uJimwufa shear lag HiBfigntmgliwfTiiHfnuuJimugTa BtifmnmthtfrmfTUtim tsis effec- 

rP M- V vJ W- VJ 

tive net area THitnBinHBfflBimSHimgiianiTUingiB* 1 

Liu i n U 

Effective net area WTHTOfitUraSTti 

Li u vJ 



A. = UA„ 



Effective net area fd^HIURtUltijU 
4 = UA t 
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Figure 3.5 






Section 



U til rn n [ in m R U S UJ ]jJ M S fn n (reduction factor) 

U = 1 - ^ < 0.9 (AISC Equation B3-2) 

x itiQHimnsm^sHsrarjH8mmsiumsmjfifnu i 

eu Li i i eu US' 

l tiiTtiliatgmiBmti i 

u W- 

niMBiuitniHfriniiJimHiatiinimrMiHTg * TRiinjWHMHJRRtHRBtiititR c rusm.&) i 

U W- 8 1 U Liu Li tu V 7J 



Figure 3.6 






l tfiralftiRmuRiHSMitfluBRiBHiri c msm.nl) 'i wTHiuRimuaTti l mftnsmfifjn 

Uw- -in o v U V vJ Lru 

1 l 

BtitntiIUMHRIU9Tti IfflBi3Bll3igtRIUMHRIU9Ti3 1 MTHTOfitUltam L TfiltnsflfdntitifitUlH'lti 

18 O U vJ 18 |J U u W U \J Liu 1 8 

1 1 

ifflmimnm rawsra RiimRiiJwtiniHiBTuiiaRiHgMiiJlRHia ruiianiiinRiiJtiiinBralialia 

8 Li Li eu Li Li 

tiii3|RftnBmRHRR[mBn 
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Figure 3.7 



-Gusset plate 

I ZD 

— Tension member 





Section 



(a) Bolted 






77777771 1 








1 







r — L 

(b) Welded 



KIHHBTH — MTHinfTlinmmi^mU9Ti3MTH1UHl3nil3fTlI91[Tlltili39 Commentary to 

sueJ^u w- u vJ u n "nj O J 

aisc B3 fUTfriu u 1 — — i rnnHcm u MTHnunimusTainanimnB: 

fj EU WjJ su U U u vJ Li 

MTHnuminmUIlJim fastener nintiHmtiimHBNItJlUBmSfTlI aiaMTHnumifTlUUJim fastener 

Uw- c* y y < 2 j c? Uw- 

uu trasnUHratin irUthih u uniiiam itJtmminmHninsnnBiairfnH: 

-dLictuu ,J eu Oct 83 U 

1. M|jnuiiJmiJtiiHiBH8fnn w, m, s iiJwinatinnnjnBBaiWRHMtmaHti % 
c StffdTHitj Hsmrr t IStummQfnnHSfnrimaummm) luimrnitnBfnnialaiJftnntiiHmBa 

U i i Liu cy iu u 

fastener tmanBtJniaHmtiifTiHBMiiJInamBHin 

Ct w w d* C? 

U = 0.9 

2. M|jnn|nUB|HtiH8mHltiji3IBjH ( JBS1i3H8fflfi built-up) til HffiSti fastener ffiltiBti 

unaHtntii 

W W 
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U = 0.85 

3. MTmUTfiUHtinmtiHM frlHffiSa fastener tfhaHBriinaHmtjl 

u u n w c* w w 

U =0.75 

iu8iianmHaauiiunaf mramHifiianumaiiss ( mSm.cf) *i 

V U l_n xj V Li Li tJ V 

IRRintiItU|tnMRIH £/ HBJHWtjnunimtijllUJn raifflStilHBtnamraimna Com- 
mentary mtfim fafUjiiBRB'uuM caisc, i 989b > i BjraiB*tiB|n iniwmwaMtHiufTiitiw^j 
toiamnuialaa fastener niHarnftnBHBim rihhbth u MTHiunimtiminBtiBBiaiTfnH: 

cu Liu i n oj eJ U O y U 

i. M|jnu!iJmiJtiiinaH8fnH w, m, s iiJwHiatiwitsjuBBaiwRHMtffiaSiB % csa 

MTinuHsmRT itJwmHramnHsmRmauBiaiti}) itrimTKftnBmuiBlBaM'm 

U i i L»u w- cu 

U =0.9 
U =0.85 



mn/intMHMLMumrmtfimmrtfpi 

a „ HiantHRBtiia a„ i;sitnmlSfiJH8mRmrjHaR8smnfn8Hsmftnsfifnu t i mthto 

e cu y n i n cu l cvn Liu w- U 

HamarmBimtiBtjl USSttlfi UJtn? (tiBUainmagBlUlinjim.®) effective net area TRltnSffiR 

n xj V d* -v* vin-oc* Liu 

inm tJijfnjPTEUisn net areal imsiitfitihatun ^HianiiuiiwmniaMTHiuBnuia*: wnnutJBs 

XJ V Li E*J Li dn 

tt3n miJRitniiiJwnfptiii^tBmitijiimHninmm (longitudinal weld) uifisiaBaiuMfi c ms 

m.d) ^ 



\.=UA n 

itiEU u = 1 fd^HIU l > 2 w 

U = 0.87 Mfjnu 1.5w</<2w 

U = 0.75 M|jnn w</<1.5w 

/ = jufiamniju > w 

w = BHItUBiaismitini (UJUJjnBmnBBaiUW plate U bar) 

cu cu O 1 M 



ftfljtiuijftimtmtv 
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AISC B 3 R^TBfRin^ niMMHmMTHIUHamiJimrniliJlIIH transverse weld mClJTIS 

,J v u Li n vJ 1 run 

A e = papitiHsmnuJtutiju 



Figure 3.8 





(Single or double angle) 



(a) 



(b) 





A e = 0.85A„ 
(d) 



W8 x 28 



-T 



-7 = 0.811 >V3 

a 



b f 



WT5 x 22.5 



— — 0.794 > 2/3 (for parent W-shape) 



A e = 0.90A,, 



A c = 0.90A,, 



(e) 



(f) 
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A 



w 



mmm u n 



( mscn. 90 ) uaiiTirimri 8 Mmifii 3 fTiitinimHni[unm (longitudinal weld) Btiftmim 

V in -v> l ca n x ^ 7 O 

fTlHSSti (transverse weld) 1 millitlltijlIIH transverse weld tflffllSWtiHtn ttinnHHBItfjfiti 

Figure 3 1 



gmwmngcn.cn. newer effective net area (ffigen.99) y 

dtcuntirmm: A n = A g -A holes 

A n = 3.72 xlO -3 -(l2.7 x 20)x 2xl0“ 6 =3.212x10 ~ 3 m 2 

eBtimmirmwismwffsmnmfwsrnu timss net area mfmmnuseu y ntnnucurmn: 

0 i n-rt / Uy u- y Uy *-v. s 

ntittsfigg mm Manual GmmnsmBsffmmhsitirrmhtBtimm L152 x 152 x 12.7 B 

ct ct cu Lj ] es c* Lj 

1 

x = 4.25xl0~ 2 /n 




Longitudinal 



Transverse 



rmfimmm l = 75 x 2 = 150mm 

U u- 



ripjtmwafmmiv 
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Figure 3.11 




42 5 

U =1 — = 0.717 < 0.9 

150 

A e =UA n = 0.717 x 3.212 10 -3 = 2.3-10 _3 m 2 

U n Commentary 7 ttiltDtmifsttJSmStSafea W, M, S U HfiJI T 
iwmmBU0ftJimmjitjnmtJffat}ftriff9iauBnmmn u = 0.85 

V vJ U c* V U c? 

11 1 

A e = 0.85x3.212-10“ 3 = 2.73-10“ 3 m 2 

ff mu sitinifnassnjtimwsmtinf ftmwu cPcuwsnmmcuisimtf aisc Equation 

mum J 

B3-2 fnBtrrfrarmffljiii i mmscPtmiscunmuitn mwuajn u tfisrmcinPsmtriummcuisi 

m 1 Lj aj eJ Li Li 

Putt (preliminary design ) csicncucPcuffsmifnfi[WGP smmscijm3fPfnfPpmsms[Gf 
wsBmsin 



qaitiMifigm.G: mmscuHitmtipmuminscn. cn rftfwstiptP&umcnntimscn.gln smcuift 

U n<=* Lru xJ v in <=* V V 

1 1 

effective net area 

timmsfemtu: PGfri3pmwmgcn.cn mamGftSSmmfnU Sit reduced effective net area 

U v c* * C* / U- 

1 

miWBtmi fnimumfwstGfStiSfPGtnsitfntPnimGmciniGJ stientfssti PGfssfmsmstP 

Lru U m- Lru c* vJ v t J ci V 

frmmmMCUtffJtffftfcftipffs i 



U = 1- 






V W 



= 1 - 



42.5 

140 



= 0.7 



<0.9 



GWm: A = UA, = 0.7 X 3.72 ■ 10' 3 = 2.604 ■ 10“ 3 m 2 

tv e 8 
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42.5mm 




TUMaramiHmUHl3mSiml3tilHmaaU9Ti3 tsis net area BtitnBfitHHfitmnntiRHIli 

U C^-ncs'vJu^vJ CU ct 

ifltmra^tifnu (fastener) tttf tnBtfimfiHmtji i incuss uJimtmrfHntinHTRftnBnimn tictfisui 

u u tt x Liu li li nj Liu V 

a tal Rr3 fuscn. 5W(a) QitnQm^nRTRJtmrmT^ammTGstjiaHtfJTjn mhjsratitnss mi 

Ct V x ' o' Liu Li Li U Li w w U U 

mnuamtn^itiHSfriRtnitnBfnnnBm (uSamii^amu^fwsmjjsjummuu^rj staggered 



pattern titstltfim 1 1C1EIJ3S Staggered fasteners TR!tnsmRTHf§njftJ?nHtUR[Ui:RJmH1T?1t3Q 

± V in -o cu Liu Liu lJ 8 U u 

uuifTmi3/£r»s>/77(b) i ntiRirimtiitiigtfi Hsm?i8stE3curriPieriHJSsiarri?ieriHJSt£3cu‘msi5ssBij 

in Met y v ' ot vJlJieu e» e» v 

^aniMBraiT^amuHarnftnBmTHtnmHiuujnMigiBi* i 

U Li U 03- Liu u U CU 

TtJMSraQSStS stagger UlSGSsBtsCliH tSIifTIJfntjmRaitjmHtStRS)) abed tiGfttW/? 

U u <-><-? u UV \J cu v ^ V 

m.9m{c) i msmonramas tRHSjnQHsJRssinssa f = P / A tnsis raimm^malmsHBmfi 

mm8j^9R be n^uajianaifnamni BtiRtitmtiRtntiRiR i 1 g &n jtd jpun n {muicu (approxi- 
mate) tfllJBB [RfWSmi^SjmBHjnSjtlJHn|uSsfrinrarj staggered hole "I I turn Cochran 
(1922) tnsimsfmj !|U|tnM|n9I1ltiMg (net area) !lJtmMBl3ti[lIR[mifli3RtjnMUa* SD 
9Si3fi3S (net width) 1 ftlIR[mBim9nttiTRftnBini9Ti3lJt3ni9l: RnJlR18iE^QlStlJH1QmmSTt3tnS 
iBlQinmiHItiR Bti9]ggtiW9 (net width) Itpti99titiRfi] 



d'=d~— (2-1) 

4g 

M|jnUH8mRlJll3RlH staggered hole dun d fiJ [HI li BSnlfiul'H ffl H unstaggered hole 1 d til 
HaR|Rumjna 5 (pitch) ^|n!iaRnnRifii3iariiBR|nRiH9Mii}1|Muai3naR sn g (gage) tin 



ftfljbuijfbmtmtv 
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raiiannnnnmmainHBBa i aisc specification mTUBftSMiTwtiBmiBMtii mBntiBTHijsM 

U U A u j) unj) ct incsUi 

fnusij i ttan B2 HTHi^TBBiaMBTHftnBHimBiuJimiJRtiimiRHaRSHTtmjnariBBa t'mtimn 

ct n ct UU yie»L»u v n w. L| tj 

^ 2 

maHisnTBH — i 

o-tJU WU 61 J >1 




w„ =w g -Zd + 

iBlinniiiJwmiiftBinBiRnifffamHBTHiairaB iRTHiinrniHianrauniBmniBfriiiJiBBitJ 

xJ Li Li L»u o n Li e» 

HM tuira (net width) IliWinBmHHB^ainUtiHTHftnBmRHmTUI Biuntsl ‘JSwiTMIBSHBtnB 

x y CU V 1 Uu Li Li O 




9Bnnfanem.nl: emnm net area itfnjttmtintafmmBfftfnmtnnintim5m. 96 i muntsmts 

V j Li & in ~sj ct v Li 

mVfdrtflUfrsWfftirfBrt 25 mm 1 

Li V vJ n IS- 
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Figure 3.14 



i a 




Hmmsymtn: HtinStiptUrtiipNBfnn (effective hole diameter ) 8 30 mm 
fJ[tfimSJU8W abed 

w n = 410 - 2(30) = 350 mm 
MlpimSjUSW abede 

w = 410 - 3(30) + 2(?5) = 341.6mm < 350mm 
4(130) 

mStH: A n = tw n = 20 X 341.6 = 6832 mm 2 



itiimtmifaimtafnu (fastener) sHraostjstuRHimM?)£n ( fmrjsmStmrmsIrnifm 

Li U x l) cu v* ot ~t. Li ct 

finosiRonfiJiHm nafirmB7) rmmgiEJiQiStUHistunnjirttiiapn intiiS^THsmHTHtimga 

mety GtvJ 8 Oct «=» 1 Usu 

tflBItifitntiUijtifl'n gsiuunli tSI abede ni3/Erff/77.^H8rnHIUMHi3HTIitimai3lJlBIi3Rini3 

m vJ c* O ct y 1 n U eu eu 

1 

inm 100 % Itirofsi i^iB^THSfnniuMHanratimaaiJiBBUBtijiH 8/11 isRHinttJtu Haim 

O * A/ c? JJ 1 nUsu eu in 

HHJIU1RR RH113 3/llIlJnramBriHi3RTHitnBBUIlJimiTtiSl3fTlU HSSU ijfh SSEUtlSR 1 

y 1 eu ey n Lru u u 1 u & 

iBlintuta (fastener) TRitnBmutiitinBliwiSiJBiijriiraMiiJmRa witsfm 

U iJ ty x ' Uu ty u 

fnUH13tUR[in:J3irj (staggered) HlIBftmBlHR IB1«!lHTBBWtnBTRBmti net area flutilRTfii 

ty 8 eu s ct -\j Ed u Li id Oi y L»u 

RBIRIlJRIRaiBHTBBtlltnBUaMlJRMHHni 1 UBsftiRIBSTfiitnBlmfitiBHBjftiRtitBlBtfiUJj 1 

eu Ed i) y <ii L»u y &< U 

minB1RTRitnBIBIBTi3RlHTBBla!lJRIRl3!lJtlItitli9TBi99i35lJRtia8IMIBlai3tiHIURra!ii3l3i3IUM 

EU Lru o' id Li 1 n U ^ cii -*• V Li 



iffijaumtifnimcv 
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fitinatiRLmMuJmnti i aisc B2 fiimnffitjnfti g ?iJwfTiRfnH|BBaiRi3iuMiiJmRatHftnaiJR 
uJimnunMiamna i flBiB* juiia gtsiRt3/£f^/77.^tt3cu|Rltnsffims1i|pRt3R s 2 /4g sums 
KlHIWBti 75 + 50-12 = 113mm 1 

eu ^ 



Figure 3.15 





''bmrr 

■<. >~ 






, 

g 

tsOmm 


' _ 


LJ LJ LJ 


V 




0 

) 

0 

) 

o 



L 130 x 130 x 12 



QmtnmSm.e): mm design tensile strength miiiflimrttilJBtlinmrttimg m. 93 I tun A 36 

* v v in c* v 

1 

ffifwsmmnBmrmtinjmsrmuntimmuusrti 22mm i 

Lqj U Lj U v vJ 

Stamtfftmr: mnm net width 
w g =203 + 152-12.7 = 342.3mm 

HtJttSttmmntJmiagfnn effective hole diameter f hi 28mm 

hJtfnUISJUSlfi abdf w n = 342.3 - (2 x 28) = 286.3mm 

hlimmsjusm abceg w n = 342.3 - (3 x 28) + — — = 263.98mm 

4 x 63.5 



Figure 3.16 




76 { 
76 J 



J i I.I J 






L 203 X 152 X 12.7 



a 
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fuitmmffi usi T 1/10 mfwsttfjnHtim^mtr^timmsimtisnnts d tsisfentfiti 

& Lju c* n u u cj- u i i j 

potential failure line ISSfSfwgUStiUSSm 9/10 7 titSJBS net width 263.98 mm mfWSn/lSti 
io/9 iBtfrssnjmsnei width fawmmmfumfutfiBwstitsmsimtiwsustiusmnni \m% i 

eJ v Lj lj lj zj ij d* & -\r 

timSStSJUSlfi abceg HIS w n = 263.98 x 10/9 = 293.31mm 

nfftfimSJUSm abcdeg 

Scd =76 + 57 -12.7 = 120.3mm 

w n = 342.3 - (4 x 28) + (38) + (38) + = 243.74mm 

4x63.5 4x120 4x76 

tuiuj net width fawtii&mmsi abcdeg HissmsGtiiam SmsssmfssmftnsmtHSHS 

xJ eu V V t-nj 

blin SI net area 



A n = 12.7 x 243.74 = 3095.5mm 2 



iuimfiJinniSsmtinnuhjtumnsmfwsmu ubiss 

Ljjj & V 




iffiifiiimiinsm 



3095.5mm 2 



(f> t P n = 0.15F u A e = 0.75 x 400 x 3095.5 = 928.65/dV 
<j> t P n =0.5 F y A n = 0.9 x 250 x 4390 = 987.75/7V 
mSm: ummsminsiB 928 . 65kN 

tv i e~t 



G [Until tiEUfitUUflti gross width gross area RJm|RH[R!|lJMSra 

iBliraMttlmRl3Hisrit3Q?nfmuitm3i Htmuimitii ramGSSEUtfsntiGmmtuimrntnffitimti 

1 71 1 U 1 <* 

aisc Specification HstnstaojmntihsiMTHitjmnjfmf^iifnijmHratJirifjtslifS 
rolled shape tTfflnitlmmilS 1 USgltiRfdHHfUHlSfnnWfifmnittnffifmimHlfjmifiBlSfnnSfd 
gp titsmomtifi channel Sl3 wide flange 1 ISlntimtUmimSg im[pjipj{RSjT[ti ( fmWJtilti 
SSt3) StitlRHtifiBfiiS ititU^jltilffifdHfTli (2-1) 1 

islRtigmmjnfism.n) i 

ofc* Li cl u in u ot l 



ftfljbuijfbmtmtv 
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qffltmnfiSm.ri: nantiingpiti&SmttajgffiJJUTm (smallest net area ) Rjjmuttin American 
Standard Channel tiGUtfimfSlfftiffiSCn. S > tl 7 rmtmtim&UU0Tt]ftinJmBHtittStfl6mm 7 



Figure 3.17 
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a 


o 


o 


Ob 




o 


Oc 





d e 



C 150x0.19 

rfrtimsffinm: A n = a 8 -Y^t w x(d u d') 

d = 20 mm 



tSfUSIG abc 

Xj cJi 



A n =A g - t w d = 2460 - 1 1. 1 x 20 = 2238 nmC 



tSJUffltt abed 

A n = A - tjd tif[tnH[ffiWlti[fi}j b ) -t w (d' c ) 



= 2460-11. 1x22-11. lx 



22 - 



50~ 

4x75 



= 2064. 1mm" 



mjftn: ffjgpttiffsmtfHUfmffi (smallest net area) G 2064. 1mm 2 



ct Li 1 Li Li Li n Li ] ct n 

liJmiJtiiinaiuniaitiliatiliJmRaHaintinaiHmHJniiJtiiliJmRanaiHmiJim rnmnalnwitM 

V O nj cu Lin 

itiiiaigtimafninaimunaiiJnmiaiaisliJn'JntinTMniarmnaimiJnmiaiaisTHftnBuiJUTma/Er^ 

O U ct cu v un« cu Liu in Met jj 

i i i 

m. ^z/samigmuntifism.d i 
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Figure 3.18 





o o , 

* g + g, - t w 

o o 




0 

o 




0 

o 



o 

o 



o 

o 



o o 

o o 



g 

n 



V 





<w 

2 



qmtnjnn9cn.cS: mwmmmmansimmu ns- shape usumcnnmusm. i rmuntJttmtnm 

in 1 v in -v» c* y u U y 

SftiitiCUtnSHtififlfi 20mm 1 ttmtift A3 6 1 

vJ n if- Li 



Figure 3.19 




c *. . 

S 380 x74 



38 38 




BtamsiMitn: ttnnmjrtgph net area 
A n = A g-'L( tx JftitT§tr[tm/niJ) 
jTtittBttmuntimttJfffnn = 24 mm 

n IS- Li Li e* 

Rjjmmsj ad 

A n = 9470 - 4 X 24 x 15.8 = 7953.2mm 2 

2 

m[Himsf abed [mfti g NjrnmjptBlrfiiCf — ff 



ftfljbuijrbmtmtv 
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g_ 

2 



+ 81 



2 



1- 70 = 107.5mm 

2 2 



ftfiffifimmuntfffitf b stfmti c tjirmuntiftiwnfuznfj wsspjws 

Lj Lj Lj Lj lj eu y 



A„ =9470-4xl5.8x24-2xl4x 



24-- 



38 



2 A 



4x107.5 



= 7375.23mm- 



fmtfisenmst abed mBrnmnstfium r tttotttmrmmtinmtiHaimajBsmtimfwBrrm timss 

* J eu V L/C* / Lry cj- y 

A e = A n = 7375.23mm 2 



fdjWUnel section 



<f> t P n = 0.15F u A e = 0.75 x 400 x 7375.23 = 22l2.51kN 
(j> t P n =0.5 F y A n =0.9x250x9470 = 2130.75^ 
mfftsj: nmmtimwmB 2 1 30.75CV 



tn.tr. Block shear 

fjTHitrrarijanistsfTiJHfntjgi nturm titimsriJHinisIgiiiQmsHlififnijnuifn gsi- 

U u ty eu 'oiiu n in 

ty n v lti ua v l V 

m§nfunsEh block shear ( fiijtfi'Gsititjm i fjTHitimmtJltutnstJinnimira it&cufifiHTs 

t ] ^ EU U Lfl Met T) < 3 , T) 

tntjltJlffiRHlUfTlfiSSil (shear) mHHSfrmmomm ab StiRHJtiSim (tension) ?TIHH8m?iSSi3 
bc^ ftJGIStJS tSSHStnSUtinnntlhtiljJIfijnla AISC Chapter D (“Tension Members”) IS 
msm^StUlttoti tnsitmsiiramslfns Chapter J (“Connections, Joints, and Fasteners”), 
Section J4.3 (“Block Shear Rupture Strength”) 1 

sHISBflimsIlSfnJfiJSfitri H8m?itili3Hffim}lthtflffi fractures StiHtinsffitiTCitflffi 
yielding 1 ISgHlSSffitTl HSmmtlnJJllRtiimilSini yield S1^jH8mmtlnJJi3Rl3|?Tll3RH3l3frifi 
SS13 fracture tltaffiHRlm 1 HSmfiSItinnSS SJHRSlfnCliiSfdra ItFtimMfdiimfj block shear 

^ ^ l v i in 

BtiitatutimsfrintistsHgfTifisilanj i 

v 1 

fnnGSGHfn (nominal strength) tSlntiHtidJtinlimnib F u A nt fdjTJIU fracture Sx3 
F y A gt ra^HTti yield itiCU A nt lltfl net area Sl3 A gt gross area mHmndlffiHSmfiitimJ 
Sim ( be ISintimsm./DO) 1 yield fdTtntitTlilfnfi SHRmmti ultimate fdTHlti 

~o c* y i Lj ^ Li eu i Li Li 
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mritifflRtM 60% ISfitiTmtifiintiffirTl imMIWWtatflBBHtn (nominal fracture strength) filTHIU 
mntimHR 0.6 F u A nv BimMWij yield WfmUfiHItifTinn 0.6 F y A gv tt3CU A nv fitfl net area StJ 
A„ v Rtfl gross area fnHUinjnmHSfnmtifitritifTlR ( ab l^\r\^mslEIO) 1 

<5 E ° n 1 £U ct Z/ 

mmQHiss^HmsfnjEJiQtiilanuju i 

MTHltiRHItifTlfi yield StiRBIttSim fracture WMWliHimmR 

U m J su -o in 

(f)R n = </>[0.6F y A gv + F u A nt ] (AISC Equation J4-3a) 



MTHlURHlUmm yield gtimriiJfTlK fracture nWMijfflmmfi 

U m -o J eu in 

(j>R n = ^[0.6 F u A nv + F y A gt ] (AISC Equation J4-3a) 



MIHlumimmiani $ = 0.75 1 nips fiJ13fTlE1fi[UlR (limit state) n fracture MHfTUttiHJ 
tuu RWHfflinJTlUJtinnBn fracture 1 

i u 

qmmnnSm.d: muimmmii block shear maiHtiifJtirnfmmtimiinmiBlntimS 

id n -v> v in -vj ct v 

m.b9 y JBfmuntiffifwBituNTmufftinSti22mm atsttifiTmti9A36miwatm y 

cl Lj Ljy Lj Lj d if- Lj Ljjj Lj 

rframsfftnai: 



mgjmi&smtfnBiijmtfif 

U W efr / eu 



A gv = 9.5 x 190 = 1805mm 



ftfljtiuijrbmtmtv 
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Figure 3.21 



L 87x87x9.5 , A36 



50 \ 



O O O 



39 


76 


76 









M22. bolts 



iultBeVVmtnS2.5 Htififtms 

n is & 

A nv = 9.5 x [190 - 2.5 x 28] = 1140mm 2 



ffisnrtfffsmtTffffiiisjfn 

LJ W Oi / £U V 

A gt =9.5x39 = 370.5mm 2 

A„ f = 9.5 x [39 - 0.5 x 28] = 237.5mm 2 

tuimfUMSC Equation J4-3a WSSfEWS 



<t>R n = <f[0-6F y A gv + F u A nt ] 

= 0.75 x [0.6(250Xl805) + 400 x 237.5] 
= 0.75 x [270750 + 95000] = 274.3 kN 
fffltfftJJT AISC Equation J4-3b W999JW8 



4>R n = ^[ 0-6 F u A nv + F y A gt ] 

= 0.75 x [0.6(400)(l 140) + 250 x 370.5] 

= 0.75 x [273600 + 92625] = 214.1kN 
mffmf92 918 fi fracture BcmtiWUlS F„ J umS2hJ8frU92 (UU 1 

V J U u V / 

tswtm rffumtiem/isim find block shear B iiA.ikN y 

tu in U 



tTl.e). fnJfmnaiHbfitbfntmcn Design of tension members 

fTUfinilSlHbfiJbfnjmni Rmmimmin gross area sb net area |RU|mBM|jnUHamtJtlJ 
jbfnjsim *1 niMBraHammsTHitnBmuitJimHniluaTa tm§tEiT?i!fTiJs!H8fTifiriJHTriJtjfiJTHitjTR 

U n Lru cy v vJ L nj v i U U U 
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wTHiuHtiRitinjHiBHBRiRBRiRiimiRti mmonsims 

vJ e» U n 11 

njRUJKTWtmjia 1 mwBiuHSR'iR roiled shape TRftnBittfHsmmiJniTRfrnHuamHBintiTHitna 

8 U u U 1 A Liu U 1 Liu *>. Liu 

nnmnlisRtjiHstns nnmsRTHirjmrjHsmmsImaQthiQrsHSTfiJtnsBa i 

U 11 Li Li 1 U 1 c» Liu 

mjntriJnjntJmURl3mJR[inS1Hl3fiJl3fTlJSiniR fnnjnnrj (slenderness) 1 TTJMBItJHtiR 

& c* n v Li n 

inMiTRianflmBHSRiRRBintmBlaaniliaraMfi iBi*HamBi8Hiatiimm:TRnf (slender) i rij 

U in i v Li n sU v ' 

RimBIIlJWinaWRniirMtRRRtitllllSjnitlTlM (slenderness ration) ^ tuCU L IjlfUlitiJUMHtiR 

Bi3 r til fflStsCUfnn (radius of gyration) IB|R9JlltiH8mRHUjniH1 1 fflSGCUfTin (radius of 
gyration) HfJjtJJHI RjjnjRlStlffRj minor principal fSHSRIR 1 RIHJfJfd radius of gyration 



tRftnanjUtilRintiMtjnUHSRlR rolled shape miJHfiftsIfiiJRintinJfitUi: (properties tables) 
ISlRlattaRSG) IB Manual 1 

ot ct 

MJjnUHtiRJtiRlJMaR slenderness inBRni:MBlBM|jnniIMMti (strength) UIS slender- 
ness HSfd!tjifd8isfdTHifjHl3RJl3RiJsinitisisisi imstiiKhtinmnitfim isiRUfiiisRingi fntjn 

u Lin m i>* ct«N.ju 

RliraiMIMTmURlinimRBf slenderness MTHIUHtiRflaRlimtTn TUWBlUHBRBHRnBlRti HtiR 

U Li u Li n -o Li & c * n 

lamiffinjumf (slender tension member) IffiraJtifJSRRIHSSti (transverse load) KJliRtsR 

mfmiiJtmRHBTtntJitititnB ufnnEJiusaiRRHistsra i tfiqmuimn RftuiissHiBiRRigttafdTHiu 

•v* Li c* -v* vJ vJ Li 

ItJRnjSti (bracing rod) lt3WHlSChR[lll:HSRl3|UEmHSt3RH1t38jtlj 1 fd{fnURfnjhs§ AISC B 7 
filSiMSJ slenderness ratio HRUItniMBti 300 1 RIHISoTRISIRtilRIHIM (commended value) 
niTCTlS slenderness HSHlSRinfd81SfiJTHlfjHl3RJi3RlJSinilS ItfimRIHlBSHIBTRftnBmRBtjlti 

Li U n M (II Liu 

isiisiincuitltuRicu:isrij:niriJfiJHsmiR§| i iiJBRtHiB*HBTRitnBHBiRig 1 it 3 i 8 iRinig until 

l no ,J cu Lru in *J 

specification RtnBIWRItlltiBimsilJRMIlMllJl 1 

RnTIM81SRi3RlJR[UlS1TRfjH8RlRS1i3Hfj JHHmWmtiRURimB'lHtiRJtiR'UgifTl RR1JJR 

in c* U i w v- n 'o 

HSR1R llJtlltitlinRUBRIHRimmaHMHBTRilWMnMMtilUMHaR 1 itiEU 

l v i Liu inn 



HyQ<0R n 

fdTHlUHl3RJl3R1Jmni MHR'UIBStnBnti 

Li n -o 



ftfljtiuijftimtmtv 
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P u ^ <t>t P n 



tl 



<t>l P n ^ P u 



ttiEU P u RtjltinjyfiUamHHim *1 iBlffHimm yielding 



0.9F y A g >P u U 






Pu 

0 .90F y 



iuHjitijrdlnti fracture 



0.75 F u A e >P u 



U 



A e > 



Pu 

0-75 F u 



Slenderness ratio TfiftnBUinniTTJWBItJ 

L»y -\j Lj 

L 

r > 

300 

ta r til radius of gyration HUJUJH1 Bi3 L tilfptfUntin 1 



%muimm.90: ntimtimimmtjwtnsrmfti 1 750mm m fguBtiUBmtinsmi (service dead 
load) 80 kN BiJUBffJtltfllfifm (sendee live load) 233 kN 7 

msismmafimti y tmitin A3 6 BtJttnnmfwBMBmtuumtiitfnj&iBHtiiiStt 24 mm szrar/ y 

/ U Lnj v* U v vJ n if- v v 

titiumitmtn ; 

P„ =1.2x80 + 1.6x233 = 468.8^ 

. . . p 468 8 10 3 9 

HSmmnWG A p = — = = 2083.6mm 2 

' g 0.9P y 0.9x250 

USmmiWG A, = — ^ — = 468 8 10 = 1562.7mm 2 
' 0.75F„ 0.75x400 

t&nmrnritt A e = A n ftJ[BlUHtiffiSg gross area BSmfiSlWGnet area 

rssfi 

A g — A n A /io/e 

= 1562.7 + 28 xf 
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tumaffti t - 25 mm 



A g = 1562.7 + 28 x 25 = 2262.1mm 2 

fuiamnm 2262.1 > 2083.6 umssusmnmwnn 2262.1mm 1 

v / 

2262.7 nA _ 

w„ = —2- = = 90.5 mm 

8 t 25 

mmnfjtiffsmn 25 x 92 



flsfiJtsJt 7 slenderness 

■\J ■* 



ratio 



^mi„ = 92 ^ = H9791.7mm 4 
A -25x92 -2300 

ni = Ar 2 reffijgffium 



r ■ 
'min 

L _ 
r 



V A 

1750 
7.22 



119791.7 

2300 



= 242.4 < 300 



= 1.22mm 
(OK) 



mffar: nmtimticums&smfi 25 x 92 7 

AT Li / 



HtimBlntiqmtmimBm .90 msssRRtstiiR 20mm tt 3 niT«Jtnateitnnt 3 infitiiti 3 mTni 

n c* V Liu ct 

(bar) tiitiiafiJnuB* (plate) i 5mm sR 

RTHIMIUMfllTUTUtllHa 2 mm ( mnSQ[lJ11^f1ltlRtmRTSlJWStitlj§TRt31l3RS9 13 Manual 

u u uu n U o ct Liu n c* 06 

^RlHQtLnmBa “Bars and Plates” 1 

TUMBlUllJRlRl3THitnBlTtJtilHl3nil3R1I91[Tl luimRilHmuTnftnBiniBTaiiJimiTunaTa 

Li Liu Lj r~l x> Liu o vJ Li u vJ 

isisfTCtnmRfmsi^ c stri) TRUTmBMTHiuuara i fiHiQiRRHisumritsItntijIStiJtRimusTanj 

L»u <ii Li Li Li y vJ in Liu - *^ 

tinslinmiRHm i isrmtmaTRftnsiRtGisisIsfnaSQuaifritslRa/i/^/T?.^ (a) mnnuR'iniwfl 

U li CJ u Liu U in -o c* 7J Li 

SI Si ItJlffitnSJlRraninraS d-tu ISlRRlitaRS^ IS Manual (VOL. II) 1 RHItURtUIR TUmTlR 

U xj U ctct x, tu U 

R1HSSR gage g x {RltnSlR^msiintUtUnJlRHISRSJlaHtlJtiJ WltR g 2 SR g 3 |HftnBlRl|SlSi 

I 

incdiRtmRHisusTRnitin mem. Inin (MuRinn^tBRiRRiRRTRfHisTmfRtihRsutiR 1 21 mm 

V vJ u y x in xj Liu Li su 1 

iBmHscrriR^nmusTRnrtirtns i 

w 1 m U u vJ u 
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(a) 



Usual gages for angles (inches) 
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(b) 



mtnmnSm. 99: ttanmfftimtimrmmtJaimBBsmmiJmntiiStiBBttfifp (unequal-leg angle ) 

jjjfftf 4.6m SUSf service dead load 155 kN 30 service live load 310 kN 1 IjJJtuOjJJlfJS 





D - 155kN 
L = 310kN 



tJmmgffinm: 

nsmman (factored load) P u = \.2D + 1.6L = 1. 2(l55) + l. 6(310)= 6&2kN 
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P 682 

gtiBsmtttrim a. = — = — 7 — - = 3031. 1 mm 1 
8 4> t F y 0.9(250) 

P 

twtnBStnmiws a„ = —a~ = — 7 — - = 2273 . 3 mm 2 

<t> t F u 0.75(400) 

tilSGtiJJflP (radius of gyration) BfBlStifBtihtitiGBtiti 

r = — = 460° = 1 5.33mm 
300 300 

iS$mBf&8mnimnmtittNimtmnmnjir8aneni]iBi rmtimftiti (unequal-leg angle) ftiwBis 
moriititnm (gross area) ftjtiJfnGSStiJBJtifjISBIStiiBtiGUdti f&fWffinsfSBlti effective net 
area 1 tilSGtiftiW (radius of gyration) tifnG[tifWSf^titi7muJmti7f[titiPStijGtifuf 1 fulfil 

mfmmfiigftii&iajffiB&mtinrtiJ ifflsiStifanjffifwBmmmfnuffifmB99tisiButisr 1 21 mm 
(mmtimntipnnmmuntim&sstimifimtifimti msm.lnln) y tmijmmSffnsnnaamafi: 

ct Li U v n a 

RJjmmtimntnmBJ (table of properties for single angle) fSltitiffsGSQ f 3 Manual StiffjUSf 
BsmmuPffmnjtiitimmBPJuiunpGfsid c BstBStiJtfititiGmfslBtienntifS) y BsmtisitiirmB 

/Li v v ct ct / Li 

fnG[pfwsnjB y 

7452x102x12.7 : 4,, = 3060 mm 2 Sti r min - 22.1mm 
74 27 x 89xl5.9: A g = 3180mm 2 Sti r mjn = 20 mm 
L203 x 102 x 1 1.1 : = 3300mm 2 Sti r mm = 22. 1mm 

L178xl02xl2.7 : 4,, = 3400mm 2 Sti r mm = 22.15 mm 

(Bo/ntsi tajmmtimnti hgj x sti y ftimwsBtimfsi]ntimntiBsfBstimtijfB(principai 
axes) fS f tiff rtf Z WUfjlff tiff B (principle axis ) r min = r, 7 ftiedfBlufunftitifB (double-angle 
shape) fftif X Sti Y titslfftiJfB V 

fiflGflfJti LI 52 x 1 02 x 1 2.7 y tiSnltiiSSBlS gross area ftifU[tifmPti[WtitifSlSti[ti9pfdG7WG 
( [UmffMtiBSBlBmsjti [GGJlffsfBfjfljti/WSdjfSlBtiBiriti) y 
A n =A g - A holes = 3060 - 2(24X12.7) = 2450.4mm 2 
fuimnnf[BfftitiBS[tifWSuti A ISC Eq. B3-2 BSfflG[tifWSffif[mf?BftilU7Sl shear lag factor 
U y tiGfSS ftBtitfU U = 0.85 . BfBBGJBftiClfGlSP Commentary 7 ( SmUimsti titifsPGS rt 
tinfiemBPiBtiimfUHtiHPtinfi stitifs u BaTBmGrtifwsititrmBmggajwBBfBSfrittimnajTti 

m in ai eJ Lr/j U eJ jj VI eJ 
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UffintftffU PAISC Eq. B3-2 ffltsffiftpSffieUlJlSl) 7 

c* aj 1 L-nj 

A p = UA„ = 0.85 x 2450.4 = 2082.84mm 2 < 2273.3 mm 2 ( &SWN.G. ) 

c ri ti 

L127 x 89x15.9 

A„ = 3 1 80 - 2(24 )(l 5 .9) = 241 6.8mm 2 

A p = 0.85 x 2416.8 = 2054.28mm 2 < 2273.3 mm 2 ( BSCUN.G. ) 

t- t-i 

fmsUtjlBSmmSSUlS gross area titjltiBSmfiBSm'ulW ififlBSWSmSsnel area tS 7 BfUiUln 

/ 0 11 n vi 

BmspftftunjmfuiiMrmmsmsfimti ntimanjitmmiaitSi] 7 

Lj vJ & Lru Lj c? cu U 

fiTlfHUfti L203 x 102 x 1 1 . 1 

A n = 3300 - 2(24Xl l.l) = 2767.2mm 2 

A e = 0.85 x 2767.2 = 2352.12mm 2 > 2273.3 mm 2 (OAT) 

tswtn: ffsmmssmnfnmunjnsnnmfffmi timsstm L203 x i 02 x 1 1 . 1 tttnmStiitinjffiB 

Ml -v U 0 3 L>v V L-i 

203mm 7 



IBlinUJUJUJltiRnti (structural shape) built-up shape flHB 

i 

U Lru in 1 n i run in Lru in cu U n 

fan inHBTRfmimifiitJtuinBtiimm:tiimuimgi mi^iuuiBsrnftnBiminitsi stitching luim 

Lru m a u m Liu ^ 

i i 

Itn^afTlUIUMflTRftnBiminltsl stitch bolts 1 RlIHBiRBiglRRnilRgHia stitching ttiflj L/r fij 
ntiltiR^BHBI9 HBttUM L/r fdTH1UH8friR built-up 1 AISC D2 IWimtsl Stifinti built-up ttiW 
itiR^IUMflTRitnBIBRUJim filler iflniTRftnBITUMTinnmmBltnBl* filler ISIS RtUHRUTItn 

C* m Liu Lru Lj Li W cu cu eJ 

1 

L/r MTmmtiRHmSHBTfiJtWH 300 1 ttiRntt built-up UJnnRfiI9TtiUJlfflftiRTJB* UHJltDRllfi 
Jfnt3t£3fms§ BtiltiRntitfiftnBtmtmBlRti AISC Section J3.5 of Chapter J (“Connections joints, 
and Fasteners”) *1 tilStSl RWIRJUMITRitifTlU URIItiniHBRnWM 24til3 tBRTmwftiRIwathifi 
JtlfiitmtlR U 300mm 1 JUMBItJHtifiTjlUjR weathering lt3WMmslRl3tfjffi1fTlfi3l31tlJJi3i jQiM 
imgRtlTIRHRmHlR 24wt3 ISRftflfj tl 175mm 1 
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m.rt. itiRMTIfiJItJtlJUlSItaCTI SiJISIRIU Threaded rods and Cables 

V» M O 

ISllCWJ slenderness HBTRftnBnTmnjnttiRMIIW rod itiEUUlSHSmfiHEU StilSimU 

L»u l V O 

(cable) |HftnBim|S|pM^9iBlM|jnuHaHii3rniffin3 1 uJrmjiw stusjmuefdfpfm) iSr 
wiimrib ImsimumnriiBitiiMfTiutiiireBlimumtiimiuiminBiuniaiJBisini i uJrmiim sti 

vJ vJu Liaise* v v u u 

iSJfTIU |nftnBim|U^l9m9M[Hin|UnBSywriJI Htltstfl hanger St3 suspension member 



mthiuhib i uJnNiiNRTRftnBiTuiBlntiranB bracing lalRtiRiims* firnftnBimninimarsna 

Li n L»u u ct Li ot cu Lru c Li l Li 

^Hjfrumjlinfnnjcuia (slack) lalinnifflnraBnsiaitrritRitnBiJR i 
MJtfd BtiISJRlUfil 1 

IBlinniBamaraMIlJRMnMtRftnBlS^JtriBigiTl (thread) IE1[UI318 upset end ffiftHB 
ITU 1 itiRIlJllIUlBintTITRitnBRIRIBtniBmnTSRHBRIR 1 IBlRIBUinm HSRlfiltiRTfiftnBRlfi 

Li ct -o Lru ~o tJ Li ] Ell -o l Liu 

USffi IRRinS upset end UlBUI§BH8RlfittiRl!lT13 1 fTlHUSfrlS upset end ItJUIUlBintTl til 9191 
HIS net area IBlTfitlRiatiltifTl IlUBtiU3TRiaitiRltitlIHlBinm 1 ISlstil upset end HIBRIHITjR 

LitU'^>-\aLi Li ct v/t> -\j 1 tusu 



ttfira iRiRRHBtntnui|ufi|RURi[uiig i 



|R9JlltiH8RlR|UMgmn (effective cross-sectional area) IBl|RtiltiRignitRftnBIR9j 
ICimstil stress area ITUmfltilHBfiHifrglatiHtifiSfl unthreaded StiQSSIGfTlRti 1 inch 1 tiHlinjU 

i n is. i_l 

jflti stress area SD nominal area I TUTU HI UIBflUiaRIHRUUtiRTUIUltll 0.75 1 tiHISS IIMhlti 

U Uu in su v i U u in 

ItiRligifTl nominal TUMltiR threaded HlUTfiftjlBMnMItiU8'ltlITRlH: 

~o Lru ij U 



P n = A s F u 

= 0-75 A h F u 

o . 

tuCU A s - stress area 

A b = nominal (unthreaded) area 

MURlIIBStini nominal strength lti[UTRfTSlBUUUTHBlRl3Hini3 Table J3.2 IBlRtJ Section 

n L»u in c* ct 

J3.6 IS AISC Specification 1 IHfjnJltJfdhJlf (resistance factor) IBlRi3RI[UlIS§ (j) t = 0.75 1 
THMSra upset end TfifUlBIRITU IBl*tlI9mnil3Rligi[TlIBlHl3Rin[nitini13TRfi3till3F v fiWlBti 
unthreaded body area (AISC Table J3.2, footnote c) 1 
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Figure 3.24 




Cable 
Open socket 



Open socket connection 



Steel plate 
or washer 




1 



'Structural 

member 



Cable 




Clevis 



QffWMlfi9Cn.9lD: faff threaded [UfWSfm[Utj)Umm[fflUP[StifafU[Ufm9U9fljsti 

sendee tensile load faflfUSmtjf 9kN BtiUBffffltsf 26.5kN 1 lSHtitt8mtfn9tnumrttfWBIfU 

c*i eh n ir i rut Lru U 

i i 

[UfUSmfffl[UA36 ? 

fitn/nsffmtn: us m man (factored load) 

P u =1.2(9)+ 1.6(26.5) = 53.2kN 

ttinnm <i> t p n >p u 



4 ( o - 75 f „) A g >P u 
usmfiinm a„ = 



53.2 



g 



(f> t (0.15)F u 0.75(0.75)400 



= 236.44mm 



H A„ = 



7td~ 



HatfSmnm d = J 4x 236,44 = 17. 35mm 
n * V n 

GWCU: tfffltfff threaded fanJfflBHiItf§tn%mm [A g =254.47 mm 2 ) 7 



ItJfiHitMHBTRiTW'ii mtiriM (slender) mmsi 

W V c* Uu u M v ' 

ISliUHStnsmjmHmjn specification mtflHJ IHHTinumiHBfnBigl 

1 U 1 n u n 1* w Lru 

XTtr TfiiinBfitH 16mm 1 

Li Lry ru 
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tSIfflUfitirantitil strands U wire rope TRftnBtRITtfralntifriJHBiRUJtlJBlHB'lI high 

ct V xi A Liu U Ct in 

strength iRfnnlti (rigidity) HsmstuRtuirMsiatBi msHHi;iSmn|uuiirjJii;slRt3{pns^snjr 
stfttocu fiRTRftnaimraiainiant^aiwniJiniJBtii hoist sti derrick uJwimrafitiBtjifenOTti 

v Liu Li ct u U V U V U 

wnnujfRii8W9 aaMTHnunrSiamHuiiijnmiainaHmiiiJtiiiSniiJm fnnsMRiifiti strand sti 

Li n Li Li n ct c* i ct 

wire rope RUUlfmal fitlffiffm&tf'l Strand IU1BI wire 

1 in -O Ct y 2J Oct u Li 1 act 

rope tfimilHtfltniB strand tjlllBajJltflRl 1 

1 U O Ct Li 1 a Ct 

mn^MnMi^mmiJwpHtRfMtHiunamiJw^BiBlnniialiwrniritiiinjnHri ww 
fdi3 (strength) BtiRUlBTBtSTBlHJ (deformation) 1 UIBHrilti}tmi3tliniH9riMt3BHm fTlJfURtfoti 
itJCUtltUTltUHRn seating U shifting IBWIIMtlJWHms ItJtlltiinigtitllfllS^jIsjfTlUinafTlItllR 
HRtTSffi 1 MTinUHtmuiRlBS t3lBlBlf8IfTlUTRftnBIRBl[TiriBRHa (prestretched) 1 Wire rope 
sti strand TRftnBintiwmmaniiJmiJniinBiMMiasMtiiaiiJRMniititiHm luimHamaiBaiaina 

Liu vJ inn ct 

AISC Specification tS *1 nMMtifllBIUMISimuaHBI!) RtitstiimiWHRnmJRRllflJ HltsSSEUtilS 

A l n O u v u 

H manufacturer’s literature 1 BBBmHIBTmraitiBMTHIUTUinBIBJinaiBina Cable Roof 

ct Li Li Li ct 

structures (Bethlehem Steel, 1968) 1 

FIGURE 3.25 




Wire rope 



tn.rt. HtiRrtJfmmcntalfrtatkjtu Tension members in roof trusses 

n *\* <=* v 

HtiRItimiBimtfiiraBUJwlMRIHimBl tillTR^aufl trusses 1 IBlinWITHfatrij trusses 

n xj U c? UUn UUn 

TRftnBiTurtnMiainaMimti SiBiBlfimBBiBBnaRamiTBniiiBfiutiifiJtmRTRimiitiitiiia *i fi 

Liu Li Li ct y ct Li Li e? U Liu o 

TRftnaiRBIRHRiraialiritllllJtllltj BtiBHBBHtnBRtHSflh (TTR^aufl tmsses IRltnSRRtjlRH 

Liu Li cu t^ct mn UUn Liu ct 

(deep beam) ItJwmRIBnjBflgiaiBBiatffiaipB) 1 ^tJCU trusses jRitnBiimfii^msiBlnti 
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MIUltiMUltynM im*U^Mimti|Uin9IB8tnirnntjni3ii3 (rigid frame) RltflGJ 1 utJCU trusses hi 
fiJtiiTguJim load-bearing wail TRftnBuiJirmBlRti/zrtf cn.b^ MiunaniingiB* tfigtel trama 
JTJM trusses IliWfTimBlBatitTntiTRftnBIRRntiigTH pinned BtiBTHtntilBtRTflftnBtRRRTjltjl 

U* t > L»u U A Li Q U Liu 

9TH roller 1 tititgs trusses HIBTRftnBIRlmn^ira^auflwiBBnnJlKI TiCTntiUJnJtjlBIHIBlBn 

Li u Liu Li lJ PI n U* C 

lunanrStiuJimliJR umuna fiti uusnsrjHingimss i 

1 U ni i ct -vA O j~i 

l 

tiiBHsn uticu trusses InHiBRtinRiMmfnHuiiimmHmi Bi3Bi3fnumiBRmiBlHmiJim 

'■'fc U ct n u> ct M 

MlIgHUIIUnmilJtinmUTltsl IlJrfima (purlin) aauJimilJmSia (X-bracing) 1 RBlBBTJtiJTJMlti 
rfimanumBUBRIBlHaHSiaiW (top chord) rarj trusses mBflRinBBtlIIHUJim!tiR88Ri3RlI 
niptifuns 1 ! tflBIBluJRnjSa (bracing) |R ! til 3 tfl RtBlRtiyiatBHtiR 81)31 tU BaHaR81tiI|RlH 
msJlHSratnjtSl|rimcyl3 (bay) mUHrjra ttilffirmraBItiSIti (lateral forces) mB^Jtnsumsn 
IWtiUJWBUHmiBllWtiUJWBUHmiBfR itfimflJllMnJia 1 

c» v o i) lJ 

^RlITUIMIUtiRIlJWIlJlinJltJTRftnBlIlRIBllWRimraM trusses 1 t3tSS trusses HTH 

U 1 Liu V 

tRftnBRRtilllJ^audRimMmR (pin-connected structure) “1 tRHIUJS* 

RTHiniSuWHBH1BmRMBaitiiBinmifli3R[m tiBIBMRTfifRIJltJlinJltiRnJTltll (intermediate 
purlin) 1 tSlRt3Rrri?immSiHt3rrSnt3tmSt3Jt3HHi3nriI3 RtJBtilRH1l3Mi3RH1HHRI (axial 

n u usunO x 

compression) luitB iltRftnBtRRimBlItfrmRRtil BH-fiJMJ (beam-column) UJtmnBnBJniRti 

tonnes i 

V 

Sag rod ^HafiiaR1IBimiJWtRftnBItUlBl5tiWBtHBlt3M|HimiJl?[mti 1 UBRmmpB 
IlitllHBiRHRIWIlJlIimtJinBBMtUJI flBIB8flBaH1BUflRH1l3TMUIBiBaHfintllSutlIllJtlIBi3IB 

in u n tu U i u o 

9jttJl?n/ltiIRl43IBlRl3BMU}1lBl* (JUS m.bti . >1 Sag rod HlBtRftnBtJimalBnJlBRimitll tJ 
BtuiBHraRiRB UHiBmmsiraHuttuntuiSnniia HirwmiBlBtiBBBBTHltitiJTRfRin Rtuimurj 

1 U "v» M n Li u Li Liu 

sag rod itlHSRHSiglStiRElTIR trusses, HtjnroraWHtiRSfaltij. IIMHijrawitilfimilBUBti 

0 i l n in 



RiinRtjnnBiB* (junaniRiiBBraMiiJRiiJnnin^iiJifimtiinBWRimri^mnmMMijnuRiiriR 

friHSMisg) BaBBBBTHiiJtiititiiuJimfiutin ruMsratmm ussttin ragralliraltnsraratiffiiti 

W U n u Li U cSi u Liu U* 

ItitilHtmtiJlimti tiBIBMRHBBltnBTfiiRlJ sag rod 191 IRtEltlJS* IRBHBtilWraMltillimtiRfl 

W U Liu cu ts & 

TRUTRiBRiaRiraaatrmBs fiBtsstRBitnBtfiR sag rod uShttb RiaHBTainroimtiwtiHBintiJtJiR 

Li Li ct n in u e-J Li cfc vJ 1 
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ntjntiiSytin 



H FIGURE 3.26 




Plan 




53 FIGURE 3.27 
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tjjMBiuimiS sag rod intsitnBHn^mfiiB^|9ufluBnfiytiiiiJtiitMui9lBafiytiii nasi 

i i 

BHm*)BiBi8iiJi![maTnitnBMBR9TT9H9maHMfi&iaiTfnHfi fltjiBJHaRsiaiwrnitnBmmBi 

MrmunBmaiiwitifiuniiiJwinBHiriiiiiHaHiBi* nHa^uciJticijfincuiStJcutiijtjainitslRa ms 

Li <2 j y n 1 V V y y in c* V 

m. M'x iffi8utiiRHiaiBlnaHanaHm58MmmiJim in^miHBinBigiimTtJgtniRHmMTinu 

tu <=* n u i ot l n y Li u Li 

rauHtfR sag rod tsis i mnrtiTtnMBiHSfTiRiJtimMTHniiJwmiiJiitmaMti ammimiiJmwM 

Li n Li Li y 1 y cx Uu 

HStfltmSISiSI 



W FIGURE 3.28 





Tributary area for 
design of rod ab 



m§ m.lnda uainififniBamuiiJifimaialTRtiTinSutii ^ Tie rod tttsisptinMasimnfsu 

V m -o M- U Li y su Liy 

stiusnnTPTtj sag rod maHMitJnnBlMtiitirmuflutin RHiaBiiniainaHaRuJRHmtiiuSmna 

* Li o a nj y tu -o c* n w in nj 

JTJWIftin sag rod UJtmslBltiltlJ 1 ujljTTIHHtiifd! (free-body diagram) mMltiJinJianntll 
TnitnBuairmBlna/£rff/77.A7iS , & *\ 

Liy in -nj cx v 



U FIGURE 3.29 





ggrniTanSm.^m: Fink trusses faamnsBaum 6 m Bsnm/fsim/ nnmisfannnti 

w\ 50 x o. 1 8 usutnmtsl Ftfms m.mo a i faifamjmtwsrgittia sag rod tsma/mmi/nnj i 

v in -v_» c* jj Lju U in 

t 

, * 2>>0 . .'v o o * , 

UFltmjumn A36 F ansi sag rod Sid tie rod fSlftifinnilFn(UM[87UUSF> service load uSSlti 
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tariff: 

(metal deck) : 0. IkN / m 2 
Built-up roof: 0.25kN / m 2 
rnm: 0.85 kN/m 2 mutituH 

Lj oj 

SttSitiriiuiti: 0.18 kN ftiJfftutsmmifiJ 

cs ct u Lj Lj 




dm/nsf/inm: 

rmnmuBn: 

<3t 

1 

SStiItiUSh7J[tnUsag rod Stitt] *9 = 6m/ 2 - 3m 

i 

mgnttiJtJUBrftiJTmumtnm&Um BiJ Built-up roof = 3 X 14 = 42m 2 
UBffttfr ( njmmBum Sif Built-up roof) =(0.1 + 0.25) X 42 = 14.7 kN 

i 

g&siuinwtiejm = 0.i8x3x9 = 4.86&v 
/ 

UBmtfmru = 14.7 + 4.86 = 19.56 kN 

C5 > / 

1 

rtffimsttrnm =3x13.6 = 40.8m 2 

eft eft Lj 

UBnmmmm = 34.68 kN 

eft Lj / 

l 
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mttnatfmBfUBfj: 

Uu eJ ij & 

(A4-2 ) : 1 2D + 0.55 = 1 .2 x 19.56 + 0.5 x 34.68 = 40. 8 W 
(A4-3 ) : 1 .2D + 1 .65 - 1 .2 x 19.56 + 1 .6 x 34.68 - 79 kN 
usjusff A4-3 nm i ( tnumimm A 4 -i , A4-4 st 3 A 4-5 sti&smsm&tifs) i 
mmuutinmtimmslstfftffiunj < ms m.mob) 

u m tv u z/ v 

T = 79— = 20.3kN 
14 

T" 1 on o i rv3 

ffsmmtimtiiumfmf A r , = = — = 90.2 mm 2 

' U 8 </> t (0J5 F u ) 0.75(0.75x400) 

ffffftff fjjffu ft threaded rod ffffffBfi 16 mm ( A g = 201mm 2 ) 

tun lie rod itfnjfnuforinntitBlrn&unj crus m.moc) 

CJ- u v v 

P = 20.3— = 20.9kN 
13.6 

T 90 9 1 n 3 

Bsmmtimtinjffifnv a„ = = — = 90.2 mm 2 

' U 8 <t> t (0.15F u ) 0.75(0.75x400) 

GtfftU ffUfu ft threaded rod ffptfBfi 1 6mm ( A g = 201 mm 2 ) 

wpuntiBiimtntRraw truss BtiR'iitfmuBR HtiRSitiipH (bottom chord) BtiitiRti 
rmasicn luimnanBiaiw (top chord) stajtintiTfritifatiFi i HaHTBBiassianaTtnaffim suss 
iBlRitiRtiTRiawtiR lalintmRumrofiitasTWfitiR'ifJfTiR BM8TtmtiiiamTHftnBinmnHR 

U 1 Li n & u c* UvJct Lru 

ntrntun ItinJIB'lSRtntilBlRtiHtiRTBBti (web member) 88mBBtiiraraWBIBl*RtiTfl1tlMi3R 

iu ca n Li i y eu U Liu ai i U n 

BtiRiaTRiaBim i mamnriramss HamiJtiiiiaHiriTRftnBRimBiiifim^THiBBiBtiiHiaRiaRiiMaR 

1 U -o c* n Uu nn 

atiitiR'iiBiiniiti i 

Wpu truss taBltraBJti (bolted truss) H8mRltiRIRtigu (double-angle section) 
tRftnBItU^mRmiUMpUHaR81l3IW (top chord) BtiHtiRtBBia (web member) 1 R1IRIU1B1IB8 
MTHWlJWR1imUHl3R!lJnitiUmiaiTRtifl[milJimHBtTTlRBfRinttfTtnMUB«lJRIBltlI (single 
gusset plate) tiBUttlfTlIBlRti/fftf /77./7701 IBlinniHaR8iaiWIUMITR^l3Ufl truss tap lira 

c’ i v in z/ n U U <n OU 

UjRHBR'lRHRIJIR ItpBBtitamBHSRIRUjRIRtimBpimmfiHHJlfjti (stem) raWltiRHS 

1 U Li 1 1 xJ cy u ' 1 

R1RHRIIIR1 TUMSra RtntilBlRtiHtiRTBBti (web member) B1BRIHRB IRHIBiraftiRIRtilBlW 

xJ U tu ot n U i ' cu v Li 
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(single angle) raisiiumn§mjrammswsfrifitJSffiiJi3MtH|pn truss luimunmwSjHantgBti 
lauantjmBnmiJimi tiigiBliiaRmainj BajfaRSiaiTRiH (chord member) tiinaeitiiu tuira 

^ is- v n nU v n 

inHit3fTiHfi^nnmH9|UMBraBitnB i 



tilfninmfltlltsl chord member t'mmRCUlTfif tnstntitJSTl3 UtimuJUJIRHB 

n L»u v vJ v u 

HlGftJSfltil tmss tiinfTitftJtffitUl pin-connected tTIStS 1 fntllaiUMRnnnRtilBlHRafHHtinmal 

■st U U Pi A V V 

nanaK uiatiiBifflfunamHHts luimTRftnantsiiiimfitiiRHiaia (secondary effect) ttoiss 

ctninv cu v L ju cu y J V 

nafniHaiRBiBliRtnBitntufri iRRiinmiJtmiiinitmiJimtmraBRSianRliiJtiiHaiRiiJimtiitii 

<=* l n u n a, Li i ci 



IsjIBRU (working line) IBHaRIUMI[R)anS truss maHM|RfR 1 R|p[RtiR[mBHm 5 1 
fJTHIt) tmss IlJtllfnUUJimuaTa tiJIUMUBTa (bolt line) til working line iUlffifiJTHTO tmss tin? 

Lj uj- tj vJ u vJ ' ‘-J Li 

HRISmtiSHSrardSmJSnjtil working line 1 RlJMBRRafllrimRllJfTlR tmss TTJtiaiiaRTRftnB 

vJ Lj i ~t> ot Un Liu 

flfjnQtiriQlgfTlJ (working point) iSl working point *1 

qgrnimSm.Qd: r[fl& majffsmRfftynmimutftisi&ititirritf ( bottom chord) mangffiJtTif 
dual Warren truss tiffiJtnmtBlniJJufi ttl. mb a 1 Truss ffiiWBtim BtifflBffnntffiBWJ 6m 1 



weld) tBiBaanumiftmomm i iuimrutun A36 tiwwstissstuusnmtinmu (SfWBsmf 

' cu Lj Lj y ct c5» Lj eJ Ljjj 

wsnmmrslfjid^mwnijirsgfs) i 

tuIUinti (purlin ) : M 200 x 0.097 
rnw: o.95kN / m 2 tamtinin 

Lj cu 



B FIGURE 3.31 




isItmHariQtsigRtui TRiiRmRHRRRritjiinniiJiBBiRi imaRRRiimiBJialRaiHnjBB Sn 
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fi[ffiw3ycui ’tiff (metal deck): 0.1 kN / in 2 
3UW: 0.2kN / in 2 

V 

nftnkUBMSjiy. 0.15 kN / m 2 

U i y vJ 

m FIGURE 332 




00 




00 

00 

d 




(c) 



timmsitmtn: 

mnsmsfi: 

c^t 

1 

[P0 = 0.95 X 6 X 12 = 68.4JUV 
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trsmtsf 

eh 

c rnmnimtimifitf) = 



n[uinf3ynffan 

uUtU 

V 

nrHituHfJGfti 

U / V vJ 

mu 



0.1 kNim 2 
0.2kN / m~ 
0A5kN/m 2 
0.45 kN hr? 



usmtffmu = 0.45 X 6 X 12 - 32.4JUV 

<=* / 

susltiriiuitimu = 0.097 x 6 x 12 = ikN 

/ 

MSUtflSHS truss tM 10% tBUBmtifiJV 



0. l(68.4 + 32.4 + 7) - 10.78&V 

usmslmminsitiurn 

ch ct 

„ 32.4 ' 10.78 nnn _ , 

Z) = 1 h 0.097 x 6 = 6/7V 



8 



8 



5 = — = 8.55 kN 
8 



rsimmineimrni mspftiimsuumsifmuumkumsmtiimsmufjmwsitfutf y usmslm 

Lj LJ vJ ch ch ct rt Lj vJ ct O, 

1 111 

nn/imtttffriti 



D = 



32.4 10.78 



2x8 2x8 

5 = — = 4.3 kN 
2x8 



0.097x6 = 3.28 kN 



mmsluau A4-3 stigsmwsmuutPtim: 

1—1 Ch v OJ 

P u = 1.277 + 1.65 

tslmmuisitfutf P = 1.2 X 6 + 1.6 X 8.55 = 20.88/c/V 

c* H 

1 

P u =1.2x3.28 + 1.6x4.3 = 10.827:7V 



7>m.s.v itfniJtiuBnmfWBUinmBlntiiwa tn.mb b y 




tTSimtJBsmffMBmnSmguBtinBfaiiJnititjitittt i islutipmwmmss rtmtiiBlrttifftitt ij 

Li j eJ eJ cv ct aj <=* n 

uismutitfitirn'i HtJttJr (free body) fslsitifsstiusmfia-a mfwauwmraiup roe m.mloc y 

n/ m w y c' i Lijj m -k* ct y 
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XAf £ =83.9(6)- 10.82(6)- 20.88(4.5 + 3.0 + 1.5)- 1.2F /7 =0 
F u = 208.8 kN 

M[UlU&3fnmnnj (gross section) 

HSmtifawffifmf A. = = 2Q8,81Q = 928 mm 2 

' u g 0.9 F y 0.9x250 

(iSfplUnei section 

ffSmmtiWffifmf A = F,J = 2Q8 ' 81Q = 696mm 2 
' U e 0.75 F u 0.75x400 



tumiujti WT 125 X 0.09 



A = 1 140mm 2 > 928 mm" 



mfttmmfitmtitthmmjtinjtnmnnmaj tuitiJHtifi&smstfiftinuss mtinanm timssmmmu 

U- c* td l J 61 n a » -v* JJ u- 

iBSffBNmrfntimnnntNNmffmajTffiufftimiimtinjfanjftishear leg i 

ct u Lj n xJ ° 



U= 1- 



fx} 


= 1- 








V L) 




l230j 



= 0.85 <0.9 



A e = [/A,, = 0.85 x 1 140 = 969mm 2 > 696mm 2 

panel point 

L 1500 



(0# 



r 19.9 



= 75.4 < 300 



(O/f) 



firazcr ijmurr wt 125 x 0.09 



m.d. HtimtJtlJtifntjttflffifimM (Pin-Connection Members) 



j sTutt_mt3T?i f tristtit STt3ts1t5t3snt3fi5t3nt3Jtifi5 

n Liu iy oj o u Lru * 5 » vJ 1 3 n 

aaitimfltufiTHfmu itiimRmMTRftnBMRsnHiBim* i RinSinuiBsiBHTR^THaRiaHHtinR i 

C* Lru M- cu Lru e» c* eJ 1 ‘J n U 

Hi3Rii3Riigi[7i!iJtiiRniuHiHBTHti!nuiB*TunDHBi3RUtnRiroBraifi8 ftJnjTRftnBnfunuiBlRa 

n -o 15 . Li Li Li Li Lru U 

AISC D3 Bl3tRftnBnBJtiiflt3BU31|RlH1 



Eyebar ^|Ulfi9niMMraMHaR!lJwmUlI^mRmM (pin-connected member) faunal 
BltiBtiJUWfltnBJBRB'lM tiBTJttimRtiJZfiP /77./77/771 lIMMtiHimBlRnnnWMMMtimitlllUMHS 

1 m u in 'o v in in 1 

RlRinnj ^ RJBWHRM|]mUH[mBigtri eyebar tflSlSlfttl AISC D3 IRHBtRftnBmRHRnjunmBl 
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SlSilSI Eyebar SimuntiSEUSOnffifSlinCUHS fitfiHtiRJtifnimrnuJnnTmalriti truss 

J Liu U V V 1 n -O U Ct 

fins mslmafinsrm i fiHaraftnBimraig sntncuutsms i 

n 'ci ct n U Liu U wet 

Han!flninmuiiJimnmMniTHftnBn[mmMTHiuwiBfnnn[mHiJt3&iaiTrnH cmS m.mti) 

n M- EU W Liu U «n. u Li y 

1. Ri3Tfnt3mmtSlfCb net effective area (fuS fll.fllda ) 

1 Li ^ V 

<f>, = 0.75 . P n = 2 tb eff F u (ASIC Equation D3.1) 

2. narmamnammaliw net effective area (JU9 fll.flltib) 

1 Li EU v 



<j) sf = 0.75 . P n = 0.6 A sf F u (ASIC Equation D3.21) 

3. fji3‘jffli3 bearing 1 nlJISCanSiSlfitl chapter J (“Connections, Joints and 
fastener”) (JUS fll.flltscl 

7 V 

(j) = 0.75 . P n = 1.8 F y A pb (ASIC Equation J8-1) 

4. f)i3{ffii3S1fms1tnJ gross area 

(j) = 0.9 . P n = F y A g (ASIC Equation Dl-1) 

llitu t = RTHIMIUMltimiJtUHfnU 

Li ct 

b e ff = 2/ + 1 6 < b ( Britfl mm ) 

b = QHjffinit38ii3rafjisRsifjis1tt38ii3rafjHi3fi uJnjintitslBagimwfitriti 

fU e» EU n EU 

A^y = 2t(a + d / 2) 

a = QHiffinttimtirarajsnsiratelttisitiJuraHtiri fflniTMmfflatiBMiuMmna 

*s d eu <^1 r~l Li eu 

d = HtifiBfiRSIfj 

n 15- EU 

A pb = projected bearing area = dt 

RTHlmratsHfdTHiumiiindRsirirafjRsifj stiMHisnmfmtmsImi aisc D3 1 

Liu Li eu fl Li ct 
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(a) Fracture of net section 



+ dl 


2 


U 


3 ) 



(b) Longitudinal shear 



-*< 


-H* 






IL 


O 


— ^ d ■ 






J +r 



Projected bearing 
area = dt 



Section 



(c) Bearing 
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IV. tffifautofTlJ&Jfclfi 

Li U n n 

i 

Compression Members 

6.9. tftJBmfjtJ (introduction) 

uRfatrijitiR'iiMtiR uamflniHaiRiriH 

Lj U (Ti n U U n tun in 

HRraimiramfi?riHSTij^sHsrarjH8frifiHbfi tt^mmarffiia (stress) fntnwsb f n = p/a tficu 
f n TRftnanRtSiinBRiwiMmiWHSfriRBiaHnii mstiimrdrnRHstEitdssmtnsrmsfnntijmu 

J u Uv v^.cti winn u«^ h 

issis mHSHiQititfi3tiRnnHibmR§R8stnsisrm t i tjitustacumsbssnjtnsfninfi msfimti 

«J i ni v- cu vl e» v in 

TRftnBIRRRRHitiia (secondary load) BtiHIBTRftnBIB^TUMBIUnJRSimiamitflRUBRIMlfR 

L»u tu x J L»u U 3 3 & 

tiBRiBtiTBM *i minRHainBTRfitntmB mSsrafitiiHHbnmE3mwsnfnm[irisi t i irabsbfm 

1) cx U n L»U U TJ 

ftnBfnniBJiaiRtifinnBe) t 

cX 1) 

tfisisl HaRiamiMamiJtmRRinaialntiHRii atirmaR mm? ajinbRuminStUHis 

V n n ct n n euJ 

RsisGubmssfusnumm i HaRiaRiiMtiRRTRftnBiTuialRaiTRland truss satiiimburns 

u U v dj euJ n nUw UctUUn UUn 

mnsnrbbtabitin HaRiamiMamiJniHiBTulfasHaTRitnaiRtjiRBnniRtiiRtii column is fall 

u c» u n n u tu L»u cx 

[Rftnstmuii^i strut i 



(s.lQ. [SMMftJl (Column Theory) 

H FIGURE 4.1 



1 



P 

(a) 



1 



P 

<b) 



itbffinBiinmHbmbmiMbmlb luimrtmfiJBUiJimiaina/frff i mMsitrasfifriH 

n n Liwui^ctz/ U <* 

Hm p TfiftnBtfmHjR9 iBiinniHmuaRiai*ai3HiaRiHTRUTfiiai3HTiB9THi3RRiaMifnriiuim 

O Lru i) di tu Lj Li eJ o' jJ ri ^ 



rrejjimtiftimmtiti 

u U cn n 
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i uBmiJtiiin^THamfTiaTnftnBinitnitsi critical 

n v in <* c? ‘J n Lru 

buckling load 1 TUMSra HtiRtnBTmftiS IUimB1fltiBUinrniBrtRia/Zrff tSlStfiTRl ffUtlSR 

G U n U cu u in ~o c* z/ Lru & 

ifltinnBmHntiiaHBiBHTiSSTHamBisMimiatmBfnnmBMifTim ruSsramirnsis fnsiRg 

cu lEdc/^Jn o.ctcv s^.«v U n cu 

fflJfnRSi31RR19ji31fchtiJ compressive yielding tiltitultU buckling 1 HSSidtJin Ri3]tfli3fi3ttfiP/A 
BtjnmiMiaiiwHsmnrRnBimtimtJHMiBniiiinmniiiaraMMMi imsfritnmtfim yielding u 
Rtnmulffi buckling 1 uamtitlUgfi] buckling IRRHIS tjTHSPTHStSl Sl3 slendemesss ttJltU 
MtHiuHaniiJtiiTRnfsiti usmssstitfismHRBtunfj i 

U n U cu & cu v 

TUMsraMmswRtmiTfmJsiti ulwnmmtiHssti buckling itiniRtstfitiitteMHiniTR 
(proportional limit) (taHtiRWm3lRtinJR[m:iH9pWB) critical buckling load jjhlulSqjuQ 



sntarjrnH: 



ttitU E (modulus of elasticity), I (moment 

of inertia of the cross-sectional are) luEUlGjUSi3Hfi]lHlijEURts (minor principal axis), L tfl jjJ 



IfaiuMHanBiBisgtHi iSHT^TMHmi (4 .d msstij tii*rgniHHanMHni3MiBfnniH9riMt3 

n cu U rJ ‘J i U n<^c*cv vJ <* 

nSffiQamrjJiHiQltm^itmrdl InHsrtifmtmsIsimg i BiagtHiBsuirirTitiinsiinuJimBTHMBiR 

i U u i U a a U cu 

(hinge) U pinned tiGUttlCTimWi? 1 SS1RSS^RJ§TmUHim[lfilSgTnJtnSJm , lScTl^Ut3Uti?l 

v ° ' M 1 V in Vjct V X) Lru X) 1 

I^mHnrtntiHimnlgntiBtilRMMItliri* Leonhard Euler itinnWElHlBlRtiBl 9^*1 BBrntm* 

ctU-va eJ c ^ inctct <t» Lj 

gin (critical load) tS§ IBlintlI8*tHftnBimUl1tsl Euler load tJ Euler buckling load 1 MEfflJS 



4.i TRfwstRuainniBHlm§n^i^mmjniriJiatihmTQs t i rniMnmurrnRiuMMHfrmB* TRftna 

Lru in-vaWc'^JiJ U u* Lru 

9n2^n^rnnmnM8fiBiuMtiiR8[mBti9TH ^ 

jJ e-J in a a i Li 

S FIGURE 4.2 





74 



Compression members 



JsjiMistiiBnwmsmsMmtji 



Department of Civil Engineering 



iBmmmrMrontifniufiTtmm HtiRmftnBtfififilmJmwHfii x d.i m 

w U u ct U n Lnj O u £J «=* v 

9[H roller itJwi^malBia«Bij[guHaHHa9jtiWHiBliw ytHiymn usRMtiRRiBHfij 

IRftnsHslR iuitmRaimi3MBlH9 1 uanmiauinmsiriMBTHftnBiJimBmiS^THaHiJiuiJtini 
ntiitinrainrnitfimfeitfiB tt^tUHafisamsTmsijmunatBHlfmsItntu^tuusRuiitiinsHrjs 

ui v vJ n U vJ u -o dj n <=s 

IB18TRitnBIHlJmt3fTlTUMBraUBRITlHHminBniHHtitiia critical buckling load 1 Critical 

Liu -o u dj O m v 

buckling load, P cr |HftnBR[mH^UBmiJWH1BniH13|nn|mBlBl0IRpjUni3lJlUraMHaniBl 
inniiiJtmiBnBitjniimisinMBTnftnBinflimtjfni 

di 61 ot L»U “X5 



y 

m FIGURE 4.3 




x 

■* >■ 



L 

-* >- 



MHmilltiiijfNJtU (differential equation) M|mmnntiflininMHamH9pMt3!lJtlIIi3mi 

cirr: 

ix 2 IE 

iticu x ^BHimraMBimtsiiJwMnialiwHmuinjnmiuMHan. v tjimntfimuwHtimalTflij 

On n n Li 

Gtuitttsis, sti m e sti / THftnBUiiimrisitJiw msHHtisQtdfnn 

i v Li i Liu in "o i n u 

I IBi9IB*HIi3tUBl3HmiBfninH1 MHfTmB*TfiitnBffl[TlItJim Jacob Bernoulli ItJimTfiftnB 

U Liu m Liu 

uiumtfim Euler iJlwnurafjliMTHJijunTitmiamfjfdfiJj i n ms cE.cn imaiiSmtiiiBlintiJ 

U U U in v 

iiJtUHamfnauJimtmiuBnsnHHnj p cr isIrhiej x nBtHSiiaiatiimainBmntJiu y tuira 

HHtinniBl|HtiB[lJlBIB18n P cr y 1 ISliMHfTIJ 4.2 HIBWnWItiBBltiltfTlH: 

y"+^y = 0 
‘ El ‘ 

luCU ]TIH RtiJ Eji ti JllUbJ tURl H x 1 MHfnilBStil second order, linear, ordinary differential 
equation tiiHtfJsatHRtidttiJ wimHiBflinjn*trmm 



imjtiutiftfmmtfei 

u U ei n 
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y = Acos(cx) + Bsin(cx) 




m tu L»u i 7 J 8 a U u U 

tHi3jc = 0.;y = 0:0 = Acos(O) + 5sin(0) ISIS A = 0 
[Piti x = L , _y = 0 : 0 = 5 sin(cL) 

timsnntiaiTmmiBSHTHi^T sin(cL) = o rawsra b* o osihbihbmbib ttiniTRimati p = on 

8 3 1 U Liu ' U tu Lru ct 

M|H1U sin(cL) = 0 , 



cL = 0, n, 2 n, in, ... = nn, n = 0,1, 2, 3, ... 




n c = 



tmiasscutns cL = 



f m — \ 




K'Vj 



L = nn, — ^L 2 =n 2 n 2 

El 



2 2 77 T 

rmtu p cr = ” ^ 

L 2 



mHtiitftssrafj n rnfmBaiunaifna (buckling mode) niiti*n n = 1 utaicnsfranaimasHtu 

tu U Lru ctTj v LT1 'yj v V U 



(first mode) 1 n = 2 muntiimtisni (second mode) 1 CUT PUB n = 0 til Ri till fpSUSfi PtiEUtfl 
mturaaMsiai luntJiBfnnrnamtJiBJTKftnBuiJirniaina/fr^’ me n HBinBBtjitiHm 

v Liu in -o ct v tu u 

iwmwialHHaniamiMaKtHftnBgurlmii^uiBltHtiBnjitiiiJtiiigSjRiiiJntiuHluBi 



E FIGURE 4.4 




n = 0 



Per 




/ 

/ 

/ 



/ 

/ 

/ 

f 

I 

I 

I 

t 

l 

\ 

\ 

\ 



\ 

\ 




n = 1 




n = 2 



n = 3 



flBiBsfiinmsijmmraMMHfTiilitiitiiMjniR 
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y = B sin 



^ nm^ 



V L j 

t'mEU'SHfTtin fitiimHHanimni tUBtituiasTflftnBirutiitiiHm linear niaMHmigitiitiiMTtun 

1 cu e» Lru U ru <=t U 

[uniatnnnn nonlinear 1 

1 V 

rjTHiuRimGH?rirarjHi3fiil3miriJi3fitt3RmssTHis1ijisiiiji3riJi3ii3rarj!i n = i tsi§ 

Li ^ n n U m i e 

MBR1J Euler fStftnBMnMItjl 

( 4.3) 



p = 

cr 



7T 2 EI 



L 



fitnBnjfinjutiimTMWtfitiRtiRiiwnwiwHfnj 4.3 RtigtH^mtssiaiTRiH 

8 Li tj ot ct Li V Li 



P.. = 



7T 2 EI n 2 EAr 2 k 2 EA 



Lr E 2 (L/rf 

llJtll A tfifRgjrteHSRin at3 r tflRIStsEURin (radius of gyration) UJnnnjUBtiHfiJUJtlJIR'lti 1 
tiUJIBlU LI r til slenderness ratio 1 Hl3mt3tUHlSCUR[lfi:RlStRTfiJl! RIB slenderness ration 

U n s U cu 

RIStRR 1 

TBMSra critical load TRftnSlBRltftmTRSTTttaBgRIR iSlSIRStfSSEUtnS critical 

Li Liu Li vJ d* \ %) 

buckling stress tiBSiai^RlH: 

P,, 



2 77 

^ * E 

" A fr>-U 



(L/rf 



(4.4) 



fJTB1BRttTR1i3Ji3R'lJfi3i3R RinRH3Sl3iRRiB]l3RlHBRnt3CUTRlR1Sl3 r 1 RinRll3Si31RRlBTi3 

Li 1 Li n vJ \J Lru c* vJ 

rib?) iBlintiiiiJtmiBRiiJtiiHaiHBRiwHamMBauaRiiJtii^TRaMHRii 4.3 luimMMiBamaiMi 

RinmjBHRJiB (principal axis) iutUtfqj slenderness ratio BlSRtBRtj1i31R 1 tflBIfflfltil 
HRilSfiJBisBBasBtiJfnnRQiJiatR (imaaanBRTRiiiiiiBJialiritmTRim) i timssBBRsts&ijRin 

O V V U Li V V 

hbjbjbi aaRiaBwmnHujniBitRftnBituialRaMHRii 4.3 sa 4.4 1 



Qffitnmd.®: cUcvnutuinsiLsrrm vox) x 0.73 [gfwst[muBj[susnMmmBHfij 645LV 1 

1 

mjnsrtnsrmfti 6m stfmssm pinned ismimiinii 1 ittitnsnBttmmanuBft BtJtman 

U u 1 / a / c5> / 

; 

mvfVii ffffffrnfffrtiirnrGjffnnmajfftiffrBg 1 (ttt&BTttf mrStinthmuaif tints ttiiffiemr critical 

1 n v c* no n Uv 

buckling load tilffSfftfS IS BE/PI i ffSped G tJSf&S yield stress U ultimate tensile strength) 7 



trdfmdsammad 

U U ei n 
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titnmtjarm : tajpm it 300 x 0.73 



t IWHUjmWllUM r = r y = 49.8 mm 



mummwimti — = 600() =120.5 

" r 49.8 

n 2 E A n 2 



n 2 x 200 ■ 10 3 x 9.48 • 10 
120.5 2 



■10“ 3 =1288.7iUV 




s war: ttiiaanmBrfHBftrtf 645 kN fiBtftti p rr tmmtarmptar/nntuiarffiBiBttanajfBfnn 
[IfSfliJSiJ buckling ttSfltl 1288.7 / 645 = 2.0 7 

trmmHmfitnBifinSmtJi wHRmuw Euler s 

U -nj U i) n n eu 

BaHB|Wlil HEUWlRRtil slenderness ratio RBJUMHtiRUWntlrijjtnB buckling stress B 
(HfiJHRlJ 4.4) 1 [RhJSm buckling stress GtilR proportional limit JTJMMH'li: 1S1SSS1RSSR 
Iflti stress SR strain SRHSHISEIJRtUirtjl linear IS HlimH8[mH9TlMB E SRHSHTGffiR 

a v i vJ c* 

HmiptilSlSI (Ragmumm tJ.@ buckling stress R P cr /A = 1288.7/9.48 = \36MPa iRCURti 
proportional limit ft! '[HI U JR m [if) R U R I u n SI R H Ed 1 iSlnRifl Friedrich 

i i 

Engesser tilSlMlSJl3^Ri3RlaRin|R|tnfj tangent modulus E t ISlRRfdBRli 4.31 

i i 

ItJniHIBISIIRia stress-strain tfBRR/Zfil' d.ti, E imt3^mmtiirdTH1URl3TRlt31E3tlJRtjlt3 

O v ct v m Li i Li 

proportional limit F p[ 1 Tangent modulus E t [R ! til S R till Rtfl slope ISRSIRtlilSlSiliSj'iRlll 
stress-strain M|jnURIHJTJM / ttitUMmslBtB18 F pl SR F y 1 jTJhJSm buckling stress P cr l A 
MRlSiRRRtlSISS flTRftnBUiJUTllJBSiaiTRlH: 

ct L»y Lfl -Ni V U 



fiJHRli 4.5 uGRISRfiJHRli Euler fRlSiR^Sfd E lulffi E. 1 

V c* U u I 

tSIIRlR stress-strain lRElJURirmslRR/£f£? fr.tf H1BtlIR[lii:8MRlfirailJtlItnBUiJl[nriHB 

in -o <=* z/ e l c* y in-oi 

fJTBlii ductile steel (IHlRR/zra 9.0ft Si39.fr UJimMUlRfimBRUB nonlinear 1 feilRlR 

Lj c* y O 

IBS^TTIIRBIBRlirilWlBRIIMtiRIUMIlJR W-shape mlitiS ItJtmRIUlitsl stub column 1 

U n A U su 

Nonlinearity tfiWBtiWtJuRlBiRtnBJTJW residual stress iSlRR W-shape 1 IBlKlUJltitUltJR hot- 

J O V Cl ct i. 

rolled shape SR^jfRtflR H8R1R9lRH0JlUhilEjRHS]^JtnS]titj1Ri:LJltlJH[ETlyBR11S 1 ElfflUimn 
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smssti i mnm^RHsrnHmramss 

1 nj Lj U eu u <=* eu Li 1 Li Li c* 

uiSn^J 

HiBnarsnaiBltiiunaiiJniuiH i nmitiiaigtniJtitiimitini BaminnTHtiimBHTuiSn bhirib 

] U ct V n xJ U V O U Ed n ot 

residual stress u!Bfil[mifTin5SlTTRtilRtilRSTlBtIl3 1 

n n l <n c? ‘ J L <n 




ISEinntal E. mgRIHRBtjlti E t'mEUfiJTHTtj Ur ftfUJtnBRtHtiBRlTRfRl IRBtiBBtlltnB 

t eu V U eu V <=* Liu ct w 

critical load P cr RBI UfimimilRfTinf {U jjj CU i U fj E t RIIRIUIRRIH P cr iSlnti inelastic range 
UJimiTUMHRlIB 4.5 nRtjltnBRliritnR I tiistsl trial- and-error approach TRftnBiratilHBIBa 
ISIIRlti stress-strain tiBUttlCTmiWt? ft.ti iShTRIUIR E, MTHIURIHtmfinJTtilTJMRtH P„ ^ 

O u Lfl MCt TJ Ed r U CU Ed Ell L / 

1 

NEnUHWlUlRIB* design specification tfllJBB JHSIti AISC Specification HIBIUHBIlJtlltnB 
nRliniMIB (empirical formulas) fb[BTij inelastic column 1 

MtjnU|RUMH1i:Bii3HM critical buckling stress IRftnBMtitiUJjltRlHtilHBRHBIBlBa 
slenderness tiBTJiJlCmalRti/f/iP 6.3 <1 ISIIRlti tangent modulus UMBlBtifsnR'lia Euler Tfiti 

Uin-octz/ O tJ Li 

QtUlQlt3CU|nJmSi3 proportional limit JTJMfiJH'li: 1 TJBjfsjIRltilB* |RftnBIRIUl1tsl column 
strength curve !lJninnJiBirilMimnraM|RUMMIBii3HM1 i]Ti1n F y , E 3ti E, ititufricuRtin: 
JTJWWtm: IIWWljTfiHBRHBBti slenderness ratio 1 

rt in i 



fffiftitrijftifnffltftf 

u U ei n 



79 



YT.Chhay 




HUTiIsjictirafjfuiafiBcu 



NPIC 




tmftfUfijgfnn (effective Length) 

mtJMHmi Euler Bi3MHfTlI tangent modulus nDnwmiMBHgt381tiI|fTlH: 

1. Mwnnatiimm.'TnSmi 

3 Li n 

2. nanHainsnHHm msBifinmlfi 

d* 1 Cl vJ IS- 

3. MMIHlBatH pinned taltStiNgHl 

cuRstinnjuUOHisstiJtti mBHHSnmalnaHaRHaincinma (buckling) i fltstnantnnu 
nmaiuH HHmQt3sT8gsmn?iHis mafiTHftnBitJitiinaRiniitiiiraa i mHfmjfjnnusTB 

v U (U 1 Cl Lry ct U Uu U U 

pinned tiiminimHHBiiiJtiiritnR tt3nimititii§TmftnainMTtntjninsnji9THttii4a5i8fCT i cunsan 

L U Cl jJ Lru c? U 3 3 Li vJ U 33 

sm pinned §)THJ§|suHt3rinmnRtiJ8it3 uiaHaBUBtiRiftw^rriBTHiB i tfiffiirifi miuiSnnnii 

Li 1 Liu n 1 Cl l -o u n 

pinned liJnimBRRnnHainBinigltnBtiiiaisiB flBiBstiinsimBTHiajTmaiHHiatiiniminiuTifi 

A ''fc c? J-J U 3 3 Li Li 3 Li 

ruiuitiiumm* *i *i 

U i run ci L»u v U U vJ 

niRSimBaitiiaiBtRinBTnftnBtiBTtmainaMHfniB 4.31 tiisisl HHtiniimtstiiHSfiHs 

3 3 l O U L ru eJct V V 1 

13 x ttitUtjltlJBtitmslRti nonhomogeneous differential equation 1 llH1StUR8[UlTni£3S8fi3n 
MHmnSHlRlRfiTITri3R[UlS)at5Fnml3Tri3t31 WHmiUJtmfiBIHmMTHIU P„ HISSTHtiSBEm 

Lin u ct Li | niLiL/ Li v <=* 

gaiumm iiftratiBiinjnHaRiiaRiiMamiJtiiHiBBTHHmtii pinned BtiHmiBtmji fixed stisti 

n n Li u 1 u U 

Rif! ra sumimm tiauttirmslntw# ti.rt i hhrij Euler faTHTanjcijStss uJnnKftnBURTwim 

V 1/1 *\i c* V Li Liu Li 

R'lHirafmJBMHR'lJ 4.3 tPTSStUtna 

iJ v u 
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m FIGURE 4.7 




2.Q5n 2 EI 

cr _ L 2 

_ 2.05k 2 EA _ k 2 EA 
( Llr ) 2 (0.70L/ r) 2 

!JtiIB*Hl3nil3fniMtiRIB8HiatlI9fnnT9UamMal3Htin!lJtlIHia9TH pinned fa 

V n n o Li ^ n U 1 a 

TtlliiaiUMflTRitnBRRTRH 70% UUliTl* 1 IRBl39gtlItnBMHrnintigTHtiTMUJti3Rna8MTinU 

Li L»u Li 1 run y ct Li Li ct Li 

MMI?lJtlIHlBtlIR8[mgTHltili35 1 

a a Li iJ 



Column-buckling problem forth-order differential 

equation tjSfd^jfbHfTij 4.2 1 mnSiumasiBHTiiiraTMwnamniJiJTtmmtiiHmtiinsimTiniiJa 
t]TiinS[H pinned 1 iuHjfnnl31tU]tiJtU MHfTUM|jnU critical buckling load atifRftnBMnMIRti 
g|HiagB8iai[fnH: 



. n 2 EA 
cr {KL/rf 



tl 



_ n 2 E t A 
" ( KL/rf 



(4.6 a/ 4.6 b) 



itftu KL tjljmitiJUWgfTin (effective length) 3ti A'tilIHR[lil[n!ii3|UMgfnn (effective length 
factor) 1 IHRnJlTUliarnMgfTinMTHIUHaRiarTlIMtiR fixed-pinned R 0.70 1 fdTHIUtitifiJttlti 

i Li U e» U n n L U i a 

Hisg^H fixed guBtimfJnj Biainnj Isis k = 0.50 i RiHiufii k fdfjmumnfimmss aamim 



ltijaigjRHiaiaiRl3RirU3 C_C2.1 tslnla Commentary to the AISC Specification 1 tslnfl 
RinaiBi* iR^TRtHinM k assnn HmtiiRtHRiHtgM aaHmigtRtiiRiHMTHitimiRimai 

jjiu v y nj Li n y U su U 



nEjtmtittmimtifi 

U U ei n 
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(recommended design value) 1 

E3QtS§ CUoTfniRSTH fixed nuaUflmglHBUmHHimmilJtllinBtlinnillMBiMIBtiiaTRftnBtDRHR 

V 1 U U nw- £U 3 Lju 

nth iHBimitSi mHsnHTBM BaniHMTHiurnraimminaHiHiJBmMTinutiinsim (d)sa (f) 

U nj Li ei ruU tu^jctU a a 

tSlRti Commentary Table C-C2.1 1 HnnuiKRSimnilJtllHBinBIBtnBinMBTHMmRmBRRn 

C* J U 1 C5» Ll til '■'t. 

t£3cutunrrtmg TJJUMBTH pinned fnSOT§R§|HlSfnJSljsl3fnjlcU BtitB^TfitH K tiffitsS 1 fistas 

H 15- U i r 'U c* £U 1 V 

mnruRtHsnHTBMna RiniimtirijRtnBfitHRB i 

Li (U Li Cl c* EU V 

fnntuuiiiauiMBmn kl l Hsfnsi§§jinsfnj^ifjyjssifissi3 fotutna 

nfunURBtiHRIB 1 tStlRIimMMljwWI (column strength curve) nJUJtnBUiJlCTlialRia fU9 ti.e) 

Jeu vJ in v CJ / in cx y 

HBBIBRUlilMUnB IUTR1BIRIBR1I^MUnnin*HRIinUMMHR KL ISIS 1 Critical buckling 

EunUcs'Eun'^’vJi ^ 

stress IlJtlITRfRlBl3Tu!iailJtll9T IBlStfiraiJtitlRTtnRti URItftimWBmriRltfim RUUnsiUMfllW 

L»u ot Li ‘ J Li Li m u Li cJ 

HRjmitfllBlBllRJltiUJtlJ 1 



t*.m. BlgfflimJM AISC (AISC Requirements) 

RTHfRlItilBtlIlJlBMTH1UHaRIi3RlIMi3RTRftnBIlturiUIBlRi3 Chapter E of the AISC 

uu i) Li n n Liu u ct 1 

Specification 1 SS1RSSi3ifli3USR BtiWWWij ( fiJHRU 2.3) H1SS|H13 



P <6P 

1 U — TC 1 n 

tt3cu /> =tiHJURUBRIHR[m 

u V <* 1 

P n = nominal compressive strength = A g F cr 
F cr = critical buckling stress 



6 r =IHRnmiMMtiMTinUHaRIi3RlIMi3R =0.85 

' l l l n U n n 

fiBM9jRin|JIMHRlI critical buckling stress F cr tdHSnBS iS slenderness ration KLh 
specification fjTJSf slenderness parameter 
KL [Fy 



4 = 



rn 



(AISC Equation E2-4) 



fltfitnntHTRHIBBlR raiBl*tilMHRlIH1BtlIR[m:Mini:BtlIIHRIlJltin MTHIUMMnHBriMB 

Li^ct a J~i U U Li vJ 

(elastic column) fiJHRU 4.4 ITlBlRftnBMnMItil 



2 77 

p - — 

cr 7 \2 



( LK/r )- 



=J F ' 
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iBHTnnumtllBifigntliraMfTiriHaTHiaSua (initial crookedness) MHfniBiaiWTRftnBfnHUam 

W W V *0 Li V Litj o. 



fdfHItj inelastic column tuEtnjTf tangent modulus equation ( fJHRU 4.6 b) IjnftnStjSfLhultll 
F cr = (().658 ;2 ) F y 

tE3tutnsBertlt3tt3Tsf initial crookedness i fltsiBjfiiiiinsTimmiflimtiitiiintiBgtiitnB UJltmtifM 

V V Li <* U U 

fills! trial-and error approach lunJH1Stiltitj1HtlJSi3fTin|y]]4lfj tangent modulus equation 1 
tUMBItfrfiHJfi X c =1.5^|tlIlJBlfll3MMnH9pMt3 StifdfdJHSmsmSJlhKi ISIS AISC equation 



fdjWd critical buckling strcssITlt3|HftnBMiaugB81l3IUTlH: 
fd[H1U <1.5 
F cr = (o.658 ;2 ]f v 
fd[H1U 4 >1.5 

F -MZZ F 

1 cr 2 y 
A c 

RTHfmrmmsstfiftnsutiicTitjinjRnjiiTmnQiislRa/i/^^z/i 

L 17 J Lry in -o 3 Li cx jj 



(AISC Equation E2-2) 



(AISC Equation E2-3) 




AISC Equation E2-2 Bti E2-3 THitnBMIiaunMHfTlIBBB Ec itiEUHIS A. Ec EhtflU 

x Lru 3 U L 

(Galambos, 1988) 1 MHRIimtilBSIffinWRIimWlB residual stress SH 

initial out-of straightness IfrJSil L/1500 . IwCU L frljtltftSHilR 1 



fffiftitrijftifnffltftf 

U U pi n 



83 



\T.Chhay 




mmlsjimmfjiuiiawlEij 



NPIC 



AISC IMBftitmntUfTinitinMHRUnn (maximum slenderness ration) KL/r 1MS13 

ofc y u v ' Vb 

200 NTHnuHtinitimiMan i imsthfitnBfmnnjinlnHmmtfim ImBlnafniHBinainintimR 

U n n u ct i n 

tiniintunimnistiiaiBs BatnBnMwitaB ttximfnsiaHs 

U a U l n v 

HlBUJfflUKIHtimi 1 

3 CT V- 

mtnmd.lo: mwmmmtfmgmansimm W360 x i .08 fti(iiffis[mfti 6m sffinss[H pinned i 
tjpttifi A36 y 

Btamtymtn: Slenderness ratio ’ 

stiffffStrrBmraj — = — = 1 -°( 6000 ) = 95.24 < 200 (OK) 

r r v 63 

y 

S'. IK.** CM 1 , 1.072 

c rn V E 71 V 200000 

hJJWU X c < 1.5 

F cr = (0.658)^ F y = (0. 65 8 y 072 2 (250) = 154.5MPu 
P„ = A g F cr = 14100 x 154.5 x 10 -3 = 2YllkN 

(j) c P n =0.85x2177 = 1850^ 

tiWtlJ: iJhJnJtifdtidntlJiSl ( design compressive strength) - 1850 kN 7 

iBlnaEimumm 6.1 q, ttfirn r y <r x iBisfiBamBiiMMtiiJtiiainHgM x i ttinsu$i3H8 
ftinmii ^HsmmiJtiiHiBTUMBfTintiitiinMTinnHaHiafniMan ttfimrmi r v = r v iBisiiMtati 

i u d Un n y A in 

raMfiBtiiMmmariiBM ^ inws«iJnguHniniiimi 3 RTRftnBiTtrtiiHamafniMaHMTHiuHtii 

CU V Li L»U U n n U 7J 

lUlHtiBffn 

1 V <=* 

lunaiamitnmiJwtnBnmiiinimiHmuimnMiiJIiBliwfnnfnaiiJimfninH (flexural 

V V x 

buckling) StsHtiFiJtifn JHFi IBlinwtafimBIMIfTlEn fdTtflUHSmfiSS HtiRBtitnmtflHJIHnJ 
(twisting) EnmtitultinHtlJ (torsional buckling) UttJlEIUEyiS twisting Si 3 bending (flexural- 
torsional buckling) 1 tmtiStintriJEirnfntSl f|t 3 tgfiS d.e) 1 
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MJfnrUtfimRUS Local Stability 

buckling mode HBHlBBtitRRIBTlatnBIB TUWBIUttiniTJWHSR'lfi 

l n Liu ct m U ct i 

HiBtiinimriMiainmiJtiiBaiRfnnB local buckling *1 HiMifnntjiingiBsntiifrinmaiiJimHUB y 
wrinkle ISlRUSlfhfci^fn *1 TUMBItJfilRfilBTti HSmRRlSTUMSfTininnifnSffii uimHaRBtitnR *1 

t_l ct Li vJ i '*> Li e» x> V n 

HsmniunaHnii i sti h tStUHisemu uTBBtiiMtiBtiinmititnRfiRiBs luimiRnilmtitafiana 

*J tu -v* Li i ci i u uUct 

mnfpyjirjfl 1 yjMBIUHBtiHjWlB lIMMl3MtiRlfltlJf|jltJim AISC Equation E2-2 sa E2-3 
TRliRfnfitJSffi *i fnifiMiiaBfmniiitmtiBftnRfiRiBjRRimBititmntngBaiwRTinM (width- 
thickness ratio) JU£dlt3RlSH8fflRSHI5J9 1 UinnjnjlfiBTfiftnBriB'lJtlJn : unstiffened element 
IlJW|til3HmR1HUI[UnraBMlfl1UBRHB|RftnB support, BtJ stiffened element UJniyStiBlti 
MaiaiUMfltRftnB support 1 

RlHRlUlRJtJfj width-thickness ratio jjni ulS8]iSlnt] AISC B5, “Local Buckling” Iwth 
ran^rafdHSmRTRli^SfflfiGlUllfitalfitjl compact, noncompact tl slender HlTMHJtBlfl'lHfilH 

U 1 Liu c* a 1 M U cu 

lUMtitmntn *1 WTHIUltiRJtiRIJMtifilM lIMMtiTRftnBRIRnBm 

U Uot n '•* u n sun tJ i n Liu 

TUMBnJJTJntitnB slender element *1 Width-thickness ratio TRitnB^ntUnJMRIWtilB tsltsl A 1 

U U Liu tJ ^ V 

H1|MmiBlBl3!gRIUMH8R1R 2 HlGtiltitlUnjU bit y h/t w ItiWBtitfiftnBUjnnnal 3138*1 
yjWBIU A EtfliafitHRIIJlfi A r itintiR slender HjimifiJRltfrtSHJR'UETU local buckling 1 
( rdTHItirana compact 3t3 uncompact BtiTfiimRHRBfflimntitjrmBCS) MTH1UIUnl3HRII I St3 
H fmmUMflTRJWStrmSRtil unstiffened element IuimBBl3IUMtmniIlBTRftnBRR!RmR 

cu Liu i nj Uu 

mini tin 

iflimiy} aisc notation iratitns: 

b bj- / 2 Z?y 
t t f 2 t f 

b f an t f tiiBBti BanTHiMiuMtmm whrsmr 

J J Li CU n 

0 250 

r ~fT y 

TBBaiUMIunaHRII I BtJ H til stiffened element HEttf stiffened width RfrlGHItUGHSIS root 

U 1 U <LS cu 

njfdbJltJ 1 Width-thickness parameter R 



tmjtiutifitmmtfet 

u U ei n 
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to h tiitsHimsim* root itjmmitj tuira t w tfigstarmu i SitowminR 

*/■ cu cu w m n i 




HtHIUMtitUinjU b f /2tf Sx3 h/t w jtij tnSUjUtiulfiiSlnti dimension and properties tables in 
Part 1 of the manual 1 

Stiffened element 3tJ unstiffened element rafdJtJnaH8fTlfitj1ireST?i!tnStJl3initSlRl3 

V 1 U LfU Lfl -Ni ct 

/ETffts.diltJanniiR A r totnsHnn aisc bs |Rftns§jrd|HitjRmhSHtij?n 

M FIGURE 4.9 



t 






*~b~> 


-L. . 


~T~ 

t 

w 

, 


- 


r n 

h 1 

1 




~T 

t 

t -> 


f 

d 



b/t< 250! W y blt< 250/ W y d/t <335 /W y 

h/t w <665/W y 




bit < 250! W y 



bit <200/ W y 



1 


< — b — * 


L -'f r - . , 


t 

h 

±: 


*~K 


t' 



b/t<625/W y 

h/t w <665/W y 




b/t<625/W y 




t 



bit < 250/W y 
h/t w <66 5/W y 
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qffiwmn t£.m: 6.. In local buckling y 

timrmiemtn: mipiu W360 x 1 .08 . b f = 256 mm , t f = 19 . 9 mm , atj 



b f _ 256 
2tf ~ 2x19.9 



- 6.43 



mmSb f lit f ffJJnffjlSffimsIffti properties table 1 
250 



V250 

A 



= 15.8 >6.43 (OK) 



6 , 



= 25.3 6 P properties table ) 



665 665 



V250 



= 42 >25.3 (W) 



SWOT: Local instability BSfflSUmi 7 

or J in 



mnHSnil?l§nmmnt3H8mmj3tlJHSmnCTlflTHJrrir width-thickness ration R 

1 *23 U u v 1 -x> Ljtj 

msHt3mumsi8HsmJtnsHsnrisi§TTSusRt5S9E3Qrant3H8rrimt3njmncTitiJR8[ini;s‘i Bntilm 

inn Uu l no JJ u rfo V V l 'o a a 

ISjR design strength RH11j|RJtnSR1RtJSEintJlffifinnR local buckling 1 fllimifflJBiglfitimJ 
Htl3fiH1SE3Q8imTR1H 1 

n v U 



- width-thickness ration A GtjlR A r ItlJlRfflH Appendix B of the 
Specification StiRtinSltHRtlTlRlRtJStlJ (reduction factor) Q 1 

KL \~L 

- Rtuisi A r titsRHRi: A r = — . M- 

c " ■* c 



- {Ufusm <1.5, F cr = <2 

- (uSsra (U c >1.5, F cr = 



0.658 



0.877 



G4 



2 A 






(AISC Eq. A-B5-15) 
(AISC Eq. A-B5-16) 



eSB 

- Design strength R (j) c P n =0.85 A g F cr 

RtiRitlfitiliTQSiRmtsiR rolled shape ItJWUinrTlHTHffnJ width-thickness ratio titsiSSiR 

ct U A -o Ljtj v 

HatntnisinBfSinjiiiBRiiHimmiBJia i isl maimlf irriiss t rati ntn inminHanitiRiiMtiRititiJ ms 

o v ct U n n 

A<A r timing i 

i i run 



imftitrijfijfnmtitf 

U U ei n 
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Tables for Compression Members 

Manual HiasnntiiiJniHiapiraitiB^ipaMtjnufnfJfnn stimmonm i Mjjnuiftinjti 
ffllMtiflltiHJ strength lUMflUJUltfim flexural buckling ( |TJiHS^tUtnsntnmillRSl3HR), ?nni3 
3-36, 3-50 Si3 4 tsl nil Numerical Value section JtJfj Specification SR column load table 
islma part 3 JTJM Manual, “Column Design,'’ HlBftlWTltiBtiiaim ETinti 3-36 fjjBfHlH 
<fi c F cr tilHSRHStS KL/r fd{HTO F y =36ksi = 250MPa 1 Rinti 3-50 Mflnu F x =50ksi 
= 350 MPa Si3 STinti 4 §j </> c F cr / F y tilHSRBStS A c 1 ( (RU Manual table mtiHWWtjnU 
F y =50ksi =350 MPa 8fdH?nntifd{H'm F y = 36ksi = 250MPa UfimRUtilflriimjtmi*) 1 
Column load table design strength IUMIuna!lJnn^MnMM|jnUHlHtUlil3|UMgfnn 
(effective length) tfllJBB *1 STinti 3-36 Si3 3-50 umUUJUDWHHSMUtin KL/r = 200 Wlttf 
column load table JH umnitilH KL PTISti KL/r = 200 1 RimtJTtnWBffnna 

X) J5- 6U Lru ct U U V 

BHm9TnftnButtuniai magmtmnfigianfnH i 

u Liu in -\a •=* U 

mtnmn 6.6: ttanm design strength rnmnsmummsmum w\4xi4 20 ft 

StimSSp pinned ffS7Gtififti/ti tffltDtfjf (1) Table 3-36 (2) Table 4 Stf (3) column load 
table 1 tjJJfu/i A36 7 

dmmtjnmn: 

Slenderness ratio: 



( 1) M[W1U F y = 36 ksi . t/S tit pJ Table 3-36 1 

si mum ( /) c F cr ipfmspmp/umu kl / r m mpnumu KL/r smjmn ttntimmfimrmnj 

tSjjmtSJti ( rounded up) pip linear interpolation 7 tsintiteitj ftffliSSitUtiStitp linear 
interpolation m[mti[fitimntiff/tiffmt(UmWtiffimsmffitf7(V[Wtf 7 mpnu KL/r = 96.77 
<fi c F cr = 1 8. 69 ksi 

(fie P n = ficAgFcr = A g {(fi c F cr ) = 21.8(18.69) = AOlkips 



m&mmtn — = 



KL KL 1.0(20x12) 
r ~ r y ~ 2.48 



= 96.77 < 200 



(OK) 
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(2) P Table 4 fd[WU A c =1.085 IffliWlB 



tj) c ^L = 0.519 



<t>c ^n Ag 



f F A 
<t>c-TT- 



F y =21.8(0.519X36) = 407 kips 



\ y J 

( 3) Column load table in Part 3 of the Manual cjj design strength fJ[HlUS8fTITiJUni3W, HP, 



pipe, tube, double-angle, WT SiJ single-angle 7 (W, HP, 

i 

pipe Sit tube) [jnfWSfinnSlftilffif[U radius of gyration eJ[mUffintiS&[lJ9 7 Mtffltfgmuim 

tssk = l.o timss 

V 



AX = 1.0(20)= 20ft 

fV[WUW\4 x 74 . ftin A36 Sit KL = 20 ft iWitSSSJCflS 
tj) c P n = 407 kips 7 



RIHlutUtnsn Table 3-36, 3-50 Si3 4 PifllintU flexural buckling Si3 AISC Equation E2- 
2 St3 E2-3 1 titstSS local stability Tfij ulSMSti iUltlJ width-thickness ratio StiESGtiltimB 

U J Liu ~t> su 

Rtinfiigjtin Design strength ISlfiti column load table fnsBfidmtUtSifriJfTIPitJSffitfifnQ 
ISltntUitltU width-thickness ratio <1 



6 . 6 . fmfitmSlHgfTlPi (Design) 

mmtSfdfifiJSl rolled shape itifUBISfURtUlAfiltimi ^ETStjsl3tJSRfiJi3filtltU§|HlS 

U v 1 a is- eJ co n 

CU R tin : rib B m til B ffi Sll m n T U T til Eli column load tables I retUmnatilHrasH effective length 
nEffiiREURlHSfiJttlR mifitltutffilljmmnis! design strength itinJlffititstitilS (UBISmEGtilti 
UStstlSG) 1 RtiRJOnSg lffi!3T?l!tJSJRJUl?ltitUlffil3fri1jJRfnsranl31titUHlSSHSTfiJltUtj1i3mi tins 

cirjcttuUunu V «^U u 

iglranti (w, wt, etc) |R!tnsimf mjfdnQEsm i tfnrjiBO stri stirantinjfdHSRiR 

TRltnsutiHS uliffimHffnjfintjmRH stimHfRiitltsisfRi ttoitlnitnsBtiinins'itittlH TRtimB 

Lru l Liu «>■ U ^ Liu U V in -na Li eu 

lEltUHlSISimimnlITGlEnSll slenderness ratio RtstiltimWSti 200 1 rantiHRMtETS 

c* Lru c* u -XA -■'fc u 1 Li 

(structural tees and the single and double-angles) ]^fiTIJSJfTlJniTIJnJTint£ilfi31tj(USi3E1SEfi 



mlbtfiifti/nmbd 

U U ei n 
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rimmiginaitin 6.en 

Ll ofc ot 

amtmnn (s.ti: HtiSJtifTIJtdtiSfSSf service dead load \65kips = 734 kN Si3 service live load 

n n U y 1 

535 kips = 2380 kN 7 ffffmSZinS[mfi! 26 ft = 7925mm WmJif!SS[& pinned fVplti 7 tjmtifl 

A36 Btifranunijwu i 

V 

tStnrmjtintn: ttanmuamman (factored load): 

P u = 1.2 x 165 + 1.6 x 535 = 1054kips if 4689 kN 
u&fSS required design strength <j) c P n =1054 kips 

H column load table nJ[WU KL = 26 ft , W 1 4 x 1 7 6 U1S design strength ()> c P n = 1150 kips 
tswtn: tjp vp 1 4 x i 76 y 



qmuitan 6.3: tjStafftamnu w fticumsgssrfflWffitimuflmticummgusmtimsfian 

U y e y U 1 U & n / 

P u = 1 90kips = 845 kN 7 [mft}[U(VSfiinB 24 ft = 73 1 5m 7 tfUttiffASTM A572 Grade 50 7 
faams$ntn: 7aSn nominal size s 
atnv tuiffiummmsmJmuntifuturdntuftimmnjmntimtfHfj 7 titmajmBtitsmtittmv: 

V & y U V u y u 

W4 ,W5 stiW6 : mawntimaatBlritienntsttiajHvsafiwa 

y y ct 

/ 



W8 : 


W8x58 . tj) c P n =194 kips 


wio: 


W10x49 . </> c P n = 239 kips 


W12 : 


l¥12x53 . <fi c P n = 241 kips 


w 14; 


WA4x 61 . <f> c P n = 216kips 



Bomtii load capacity H3fjwwmstisff3fs ( umspttfifsmms) 7 tmsutil IV 8 X 58 ins 
design strength mtfitiffifitimm&tjfmfiJSltiUS itftltnB9ffBGBtjTtitffiimUWl4 x 61 7 

y ct Lj v ts cJj 

tiWtU: ijjf VO 1 0 x 49 7 



Mtinuiunaujtlimaialna column load table, IRTflJlTU trial-and-error approach 1 

Li JJ ^ ct Lru Li 1 1 

1 

fllimimiBiglnMBmunia tlS'TOHfifinnSl design strength lUftifn TTIMBIUIIMMtiHBinfi 
(msfdlBfnn) uthrm (mBtiifiiimiMtiriB) mrnfmrmrmntiJTmtiimsfsn larmrfdRtifmm 



trial selection tnBtiBBltiltfTlH: 
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1. fUSRfitHfJ'LH'l'ij critical buckling stress F cr 1 PTUnSfiJ AISC equation E2-2 Si3 E2- 
3 uainitiiniH F cr HBmHimHfSWtfl yield stress F y 1 

2. nn|HimiH f c p n > p u . ran 



3. iTSMnMiuntiiiJnjTRfmaiaTRanititsitnB i 

Li i) Lju Li id 

4 . Riiiisi F cr sta </> c p n M|jnmuntiwmtiija i 

5. mmnnfi[HJlSjd^CT|uSsraQ1tnQ t l JTJMBItJ design strength mBHtHtfiJJniHtHffflJ 

stJiitlwHisisiRlimniatJSTOmtiTRftnsriJiRcuilii rawsraBstiitrisis inmiminm 
iSTtiltTimtiTMin iruniH F rr iiJwimiSrnMTHiuHiHtmnniTatiiRiHMTinufiuTiB 

id Li i Li cu C / -sj Li cu E»J iu Li 

9 1.1 

6. TRRnSRT local stability (TSIRfiBKT width-thickness ration) 1 IfiHTHilffriaJlTlTUMB 

Utj eJ *' Liu eJ id v u 

ratritnc i 

qgmunn 6.(1: (jpoitfomina W460 mm tin A36 ttimffiapusmmuin (factored load) 
4688 kN 1 [mfti[UfdSfnnB 7925mm 7 

dmmipnm: mnmjti F cr = 165.5 kN (n mi a ms F y ): 

P 1 n 3 

Required A g = — u = : = 33.325 ■ 10 _3 m 2 

8 <fi c F cr 0.85x165.5 

armnifti Vk460x2.8 

A g = 36.39 -10 _3 m 2 >33.325 -10 _3 m 2 

_KL_ _ 7925 _ in g < 200 (OK) 



<b A F > P 

rc^g 1 cr — 1 u 





( [If AISC Equation E2-2 




<j) c P n = 0.85A g F cr = 0.85 x 36.39 10 -3 xl28.9-10 3 = 3987/dV < 4688/aV (N.G) 



trdftmdnmtmttd 

U U ei n 
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fiJlffCUfti F cr = 1 2S.9MPa (mmtiWf9[fStiljlSnmffi(UIS7fif[ff1U W460x2.8 ; 



Required A„ = — — 

g </> c F cr 0.85x128.9 

tmnnjfti W460x3.4i 



= 44.39 -10“ 3 m 2 > 42.787 -10“ 3 m 2 

— = = 109.5 < 200 (OK) 

v 72 4 

'min ' 



4688 10 = 42.787. 10-^ 2 



x _ KL jFy _ 109 .5 I 250 



rn 



n 



200000 



= 1.232 <1.5 



f[UAISC Equation E2-2 



F = 

1 cr 



0.658 lc 



2 A 



F = (0.658/ L232 ^ 2 (250) = 132.45MPu 



</> c P n = 0.85A„F cr = 0.85 x 44.39 -10 -3 x 1 32.45 lO^ = 4991. 5kN > 4688/c/V (O.K) 



8 cr 



IliltlJtUlfmntitBgBBfflBtBirtt] column load table titsfSgffiffifmfffifinsm width-thickness 

V c* jj Uv Lnj eJ 

i 

ration 

b f 250 

1 =2.8 <^= = 15.8 (O.K) 



It 



f 



V250 



— = 13.8 <-^L = 42.2 
t w V250 



(O.K) 



GWtu: tjmtin W460 x 3.4 1 



TUMBIUtmra table 3-36 U table 3-50 KtHMIRtmaiUM d) r F rr tnBWffllJKtJUlJTWHJfiti 

Li U "VI (U U ' t C/ 3 Li U Ot 

mntuiginaMHfni 



Required A g 



Pu 

ficPcr 



d.H. (More on Effective Length) 

IBlnaftiR 6.10 “column theory” tnB?[mmtlTUlil3TUM9fnm THUtiHmtifnJMiinBiti 

ctct Li Li c» Li n (~1 

initnBRHtiiatH pinned iflimHBnnnniRsimtiagiHfintijiniJ uJnjBitiipjjmititpMBfTin kl 
mBntHSMtiTuifariHTtnniJi tiiHtust3fnnmrms§ load capacity raMHtiHitirriJMtiHtji 

suiULi w U 1 J n n 

HSfiHSifiSti slenderness parameter k r 1 1BllHtllllJtmntmtiitlinniiriUMMHIi: fltjmBRHBIBl 

1 AC PI 8 (O 1 
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Si3 slenderness ration KL 1 



Z3 FIGURE 4.10 




KL = 3950mm 




(a) Minor Axis Buckling 



3950mm 



3950mm 

1_ 



ip=J 

I 



KL - 7900mm 




I 

i 

i 

i 

i 

l 

\ 

\ 

\ 

\ 




(b) Major Axis Buckling 

raMBiuHtiHitimiMtinmBgTHitiitimisliwHmiHiuMfi imsfistiHisTmfmuSsfnn 

Li n n U xJ ct \J Li Li O 

itiiamiBliWHmmtirin tslna/zra 6.®o w -shape THftnBiratiiMMi luimiBlitinsiaitiifi 

xJ cx cx y L Lru U ct 

TRJtnsnrat3t^mHt3mE3ms1ttusrdmt3nnE3cijmi3Pn t i HanmaiBjmimimiiRtiiiuMMMiran 

Liu U n <=* n U 

bmhJI ?RmjnjHRrarjrdEdmsmJijisut3irTi^tiJHsnTifi§Tmf!tijBQSiQi;nfiHis t i itrihuir- 

Lru in -o l no f J u Us 

BnniBS HtiBmtsStiTfiltfsBfitjISTH pinned t sit tin 81131 K 1 WTmUHUJIUintiBm nnmBHT 

a n Lru U A cx Li u | u a Ed 

TBSTHIBlSianmHRinBRHtilHIin pinned fan tflBlBl inntnRBi3BBtlI EURStlll rigid U fixed 
tifnrj tiKrsnlmniJinninsimniMftn BoncHtn tfiBiBliniBlmnim hinge u pinned t iBlrnii 

i u 8a ^ u u m 1 u 

mfiR[uiituRHrjriJfiJiT?i!tnsnTSl3ififriHsri3HtiJi HimmimiiHrniinnilnfiHBBurnfJniiBi m? 

n n Liu U u 

nrSaiBsmimifTiiiRtiiiTiHifmisnmraMHSfTiH msHstnsBumnnwsedsimB i Etotnsmjirri 

U xJxJiin at v ui m 

islms/ff# 6.90 niMBiuHanifnamHifmaria nilianiMBmniuMfin 7.9m msmnmtamH 

cx v Li n OmLiUcs in 

BMisnminBimanainna second buckling mode TRftnBaruiianiMBmn 3.95 m ufim 

Xj cx 1) <-> Uu cx U U cl 



imltiutifismmtfei 

U U ei n 
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imniMMtiraMfinjlMMHIHITRIBlaafnniB slenderness ratio MMJBtilfTltiritigMltil ttlCUHIS 

in U U ct 



6.90 titmnjn 7900 /r x tnitnaitujninjntiiHmBa 3950 ir y c tc3tu r v sia r v mm > luim 

nominal axial compressive strength P n 1 

QfflUlfnnd.ti: faft W300 X 0.95 majmits 1.2m [nfWS[SiuimS[B pinned edWti 

^ o to C>1 Of 

nntngmrmgm isntnmimiummnmnu tfsuinmi t^us 6.99 y rrmtin A36 mum design 

\J U t V v U 7 vet D U 

compressive strength 7 

dttimfffinm: 



r x 134.1 

V- = 2400 = 3 1 3 
r v 76.7 

K,.L/r x msnmdtjiti uffissfnnsnman:nm y n table 3-36 tfmtnsti KUr = 53.7 

tu v at v 



slenderness ration titfltilR titnSSmffiflfUjmtijU K x L/r x frlHtUSti K y L/r y 1 IBlfiti/Z/iP 



^L = 7200 =53 _7 



■ FIGURE 4.11 





2.4m 




7.2m 



2.4m 




2.4m 





x-direction 



/-direction 



</> c F cr = 26.29 fcsi = 26.29x6.895 = 181.3MPa 

</> c P n = A g (<f> c F cr ) = 12.32 -10 3 x 181.3 10“ 3 = 2233.6kN 



ff war: Design strength - 2233. 6kN 
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Design strength column load table HlffinwpfitipMBmnmHifRJ y 1 

SiniiifTiiMTHiuiTUTtnMSTinaiBstiiHmBa k x l int3iSigitnBiiJiraMi3HiiJiHiiJtiiiH99tiitnB 

U U U u A. c? 1 V 

ntHtsIntimnaiBn uJiratJiuiSHtiiHtDBamH kl msasstutns </> r p„ uJimflumimiTMuJta 

njc* n v cu w r l /t LjU 

mBafiiimimigiaitfriH: 

- KL IHftnBIBRUJim r v luHjSStUtnS KL/r y 1 

- EitinSI slenderness parameter A c = 




- Rdn SI F cr 



- SitUlSI design strength <fi c P n =0.85 A g F cr 

iJBiB8MMMti!iJwtnBntutiifTinannDnt3niHinM kl uJujimbb k v l i TurnsracusirinTg 

Win U cu ~t>_yUe»Li 



igtiinjuBagiuuJI x inniBi|UfnntiuJimfiBM 



KL = KxL 



r x /r y 



isisusmStmsImagnnasaounS 

dA ct 

KL _ K x L/(r x /r y ) _ k x L 



tinnuju — |RltnS§jlSlRl3 column load table M|jnUIuni33Hm5 1 

r y 



qgnnmJi 6.4: Htimtimmtinttou&mtfnttm 6.91a m. ssm pinned mintnwnnm 

ffifwB9umff9ffltfmnnninnjffffaitiJtijj i Service load B Am Kips ttiajuBmtii siffisnmtff 
msmmttifn y trBamajw- -Shape funjfnssBsrdMutfitfm y 

cu \st ct Lj ‘ ts Lj 

Btn/niiemtu: Factored load = P u = 1 .2 x 200 + 1 .6 x 200 = 560 kips 

ttiWJaJBttts19aJIt}1l8ntnam twanaaTlSarntJ column load table tflUWSiJ KL = 9 feet y 

t_/ / eJ <=* u a 

1 

mUtSmil&tlJBtiJnntitffitiTtim Sutnmtsmwawnts W10x77 tfl&ffiStf design strength 

n v v v v v u oo 

632 kips 1 

ffitfnastmmmti 

Uu eJ iJ cu 

— ^ = — = 10.40/t > 9 ft 
r x lr y 1.73 



ndjtmtiitimmtid 

U U pi n 
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k x l mscurnin.'fimmrmmuntifss 

WEumntittiBffi kl = 10.4 feet 7 wi0x77 isiwtfimntiremnjtjitimmffiu w 1 o timmsti 

v J V U U u 

design strength 6 1 2kips ( fffTItlJttHUits interpolation) 7 

usmtimnjwn x 72 ; 

-^^ = — = 103 ft >9 ft 
r x /r y 1.75 

K X L fffimmif rwmifis design strength 592kips 7 
nanamrHjf^nTtmajtjitnttiaTBinw \4 7 mntsitiajfimajtjitsmw wu x 74 ffifwstfitimnti 

V U U V U V 

ftfnjmBmmnjft&B 7 

/ 

fflgZR: tfuitin w 12x12 



puinwmaHMiiJtiiinBiSialtnB HRH[mmRiiRmaH9|HM|jnu9Mii}1i8fimiuMMMi *i 
RiMBraHBiJt3im«9 HtiRstifnsruftisfnn: funBnMMtidiRHmgMi islwcu all hisrih 

U v n ^ Lj o> in u tu 

Sfdfpn K y L ISIS A'yL StiEUd IWRlUJiatR r x / r y Rtstilti K x L/K y L 1 IBlintlltiWinjumiani 
tMRI rdTHIU W-shape IBlRti column load table 

r x /r v MRIBiBIBI* 1.6 Bi3 1.8IWRItlIl3MTinUIUnl3IlJtlITMltlItilti8* 1 

■X f fU U 7 J Utu 



■ FIGURE 4.1 2 



400* 



I 









J 


, J 






9' 


I 


’ 

J 


' 






9' 



18' 



qmtfimn (f. 90: tuturitinmintnifflffin us 6.9 m m si factored axial load 840 Kips 7 tmftirr 

m "\_» ct y Li y a 1 Lj 

i 

A3 6 tWtmfpamOJW-Shape 7 
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fitamsifintn: k x l = 20 ft StimunBrnuimm K y L = 8 ft 
rmftirufvsfnn k x l mspjmuitpjmsimfukpj 

Lj Lj c3 a 0 1 

K * L > K y L 



r x' r y 

umslmmtifu 



> K V L K X L > 

r tr y 
' x ' ' y 



f \ 



ntimmss 



K X L 20 „ r 

~^— = — = 2.5 

kyL 8 



\ r y J 



u 



M 



k x L = 2.5K y L 



tuiamm k t l ffiBttmtitjiti k v l situ f&is K X L fmuiajtjiBtinm 1 

r x / r v ftitiTB73r3ffriJtnniJfnm03ffi3fffffffsijiiJ 2.5 timas k x L = 2.5 k v l sstitfistititfiti 

a y ct u eu v v a y 

(r x / r v )K y L 7 fWnfUJif r x I r y = 1 .7 : 

K * L - 20 =n.i6>KE 



r x tr y 1.7 



jfiajnjgtiajfljtBltji kl = \2 ft finmnsq/mnirsinij column load table i finrmjjtiw\{)y \ 12 
( <j) c P n = 865 kips ).' 

mmsiTwnti 

eu Lj 



K * L - 20 = 11.5/1 <12/1 



r x lr y 1.74 
(/> c P n > 840 kips iuMjjnfmi 

( tulUJ'iU interpolation t/) c P n = S16kips [nnPSqJ W\ 2 x 1 06 

K X L 20 . . . . 

— * = = 11.4 ft 

r x /r y 1.76 

M[ff7UKL = 12 ft 

</> c P n = 853 kips > 840 ft (OK) 

mtiirmnu w 14 r r x /r y =u c 



-^2 = — = n.l6ft>K y L = 8ft 
r x /r y 1.7 



bJJWU KL = 1 2ft , 1V14X109 tuWtTISnJ8jTin[9[Sti 905kips tiimntifanjtfinnjtfimimu 



mltmtisammttd 

U U pi n 
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wi 4 y mtfij 12 ft mntifssBmu 

Lj eu 0 xJ Li Li of L> V t-> 

[msi 

m&tn: t[uw\2y,\06 c 



m FIGURE 4.13 




Support in 
strong direction 



Support in 
weak direction 
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MIjnUMMIlJlBUJimiBJR (isolated column) 



(continuous frame), Table C-C2.1 tsl nx3 Commentary to the specification HIS CUR tlfl rfPTtj 
IjnBtilBIffll (rigid frame) IBlRti/ZfiB Is. 9^ MMnslRtitfRHltSgHSinS 

1 1 

thR[in:tmnti| iRfitiiitimuMitsmMHatiiu i iwmwaMTmuMMifiJniiBltiianrnHMMiTRftna 

8 U ct n d U U Liu 

BUIBlBtiMtJltilHMfl UJimBHBtiMMmtBIBtR 1 URimSSmil unbraced frame HlSStUt^TRIti 
Hli3HlSHClJlfjs?riHSfi3iuR luimMMIBitiHMJtiBf sidesway 1 fuSsimRIfp Table C-C2.1 

MTtnuirmtiiB* MMi^BirmHinHiBninsimniuTiRTTiliJitiiBatiiRsnii (f) itrimfitHJTJW k = o 
H lBTRftnBITtri MTtnUMMltoflBMMJ AB RtHJTJM K = 1.2 toTRlRlStiCURStlfl (c) H1B 

Liu U U U tu Liu ct 8 3 

[RltnsifBrdurd i iRfiwjiiRUiiJtiiMHiMutiiaiSa RRRHnRtHRiaRiiBuiiJwtitii^jiiJitiiRnii 
IUMH13R1 

n 



RlIBUBtiRlftwtotiWSTUfimBH UJRtSlmtiBtiMMnfiHSRHSfrBlati rotational 

(Tl ‘J -v» 1 1 

stiffness ItIMHi3mtitlITtIMClR1t3lTRl3B[UlB1318 1 Rotational stiffness rardHtiRtflMHlHlTRiSl 

n U c» ct U i n U 

Si3 EI/L , to I til moment of inertia lUMHSRlRIBjnaaHRJIBRlinR 1 Gaylord Si3 
Stallmeyer (1992) tnBUtiinjfillHRnJUtlliaiJIMBmn K mfMmalJfitmBjtJJtlM column 



stiffness ttU girder stiffness ISlBltiBmUMHtiRBHHJS tomtsfdlitititil 

° l n v 

YjE c I c / L c _ YjI c / L c 



G = 



(4.7) 



to Yu E c l c IL c = ^whr stiffness mtormsiitotoislGtiratoemtototifn 
TEJJL g = tiEUUR stiffness raMIRmaHM?lJtlIIBlBi3IUMMMIIlJtliriBlI[mi 
E c =E g =E = HgtmHB]lMBIUMI|R}auflllJR 

tUMBIUMMIIlJtlltjmfmia (very slender column) |RltnSR1HlSlSl3JRlJlCUHlSH8RlRR 
IB18IRBi3R1imiRlf!tlIinMMMItmaHiapMBnin 1 BWUMMMItnBWRIIJl: approximately 

fixed ISIS K SRHlSRtHRts 1 nJRSimtBgTRfHIBtiRtHRBHtifiJUW G to^TUJltBMHRU 4.71 

cu u 3 a Uu tu v i ,J 

ms BtiJUMMAinn (stiff column) tofilUIBlBti flexible beam HIBBitoRlfttmtflRJ 

l 6 ~i i x ' i* ci 

ifdJuCUfdfdJ loCUTRjRlSDCURStinSTH pinned itiEU^lRIH G SDTfRI 

L»uct 8 a Li A £Jtu 

SSTRSStiiflfcl G Sr3 K jjhTfnSulRiSlnR Jackson-Mooreland Alignment Chart 
(Johnston, 1976) tofRlhlStitogjtilnitSlRti Figure C-C2.2 tslRti Commentary 1 uSh} 



imfimSitimmititi 

U U m n 
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SSEUtnsmH K Hi nomogram HmfitiBinJTlHgitiril SutimiiimKIH G IBlBtiBHm9JHMMMJ 

u m y iuiw 

g a sl3HKitsJ?itjn g b i mu g a sti g b itftmumfitnii ttrimmsmH k 
laliwumnniimtii i iHHimTUMBmntaggnjtnBtfifitHuJnnBtuBlBtiHmiaminn tatfmrn 
mmslsauamrjnma i mrlmRSiQ^tutsmHiQmtsfarjTHiumnmti^cumtusafinmtu 

cu U vJ c? vJ Li U U u 

I9|m tilBHSn beam-to-column connection IBlna9MUJllB*Bl3HgumBHHti ( sidesway 

U ~t. ct W- 7 J J 

tRftnBfnimniJim bracing ) ttriffi k HiBBtimmS l.o i 



QfflUimn (s. 99.' frmMtiitiiUUtfimsIfftiffig 6. 9tf tfltmiti unbraced frame 1 tttifiSBOJV 

Li Lfl i_» <=* Z/ Li u n v 

miwsuimuim^jjgsmuMimmsIfitiutimmfmti i mwmmtwmftimMgrnn k x 

Ljjj U Lj j <-v ct eu U / Li Li cz> -A- 

fV[ffimV(Vj AB Sti BC 7 



m FIGURE 4.15 



x 

o 

o 

CO 



W610 X 0.80 ^ 



i/i 

r-' 

x 

o 

o 



W610 x 0.80 r? 



*/i 

r~- 



X 

o 

o 

m 



W610X0.99 



W610X0.99 



6m 



6m 



5.5m 



3.6m 

' r 



3.6m 

v 



4.6m 



titamsifmn: turn ab : 

(V[mumin a 

„ y/ c /L c 347/3.6 + 445/3.6 220 

G = “7 — — = = = 0.95 

Zlg/Lg 560/6 + 762/5.5 231.9 

m[Uim(Ul B 

^ Zlc'Lc 445/3.6 + 445/4.6 220.3 ^ 

G = “7 — — = = = 0.95 

Z f g /L g 560/6 + 762/5.5 231.9 

P alignment chart (iSjWIU sidesway uninhibited tilHHJSti G A =0.95 Sti G B = 0.95 . K = 1.3 
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MjmUMMt AB 1 

Man bc 

mmumw b minmuSBS 

U VI 

G - 0.95 

Mftnman c mtism pinned i MismnmMfimswfinnitimsIstiMMritifumsitimmsIsti 

U Lj Lj 1 ey. 0 V eu LJ- 

infinity flexible girder fufUmtflS stiffness fMMSJ 1 pfSSflMmjumnltiimCVfUMMMl 
(column stiffness) mfilpJtifmfnmmin (girder stiffness) fflSmmMffSSMffflUMffinfflS 
finmnmcuni (perfectly frictionless hinge) 1 

MBSiwGtitsgmBiGtmwsMrmumirinstsIh'timiffsffi uBtss mtifrmtun g = 10 evrtnu 

0 3 1 C? U Ct i n V U 

i 

fimss y 

n alignment chart tfltjWSti G A = 0.95 BtJ G B = 10 . K = 1.85 Mf&ltfMMf BC 7 

iJtiiiJtiitnaRMutiiiTiialRaqmtJiinjitJ.®® rjtHiustH pinned g niTHitnammMBa 

V V LT1 ~v> ct U U A u Liu ~t> 

10.0 fdTHltf STH fixed G RJTfiftnBmRIMBti 1.0 1 tURSWlSTH fixed TfiiRIBWfiltinHtitnariti 

Lj Li u Liu ^ 0 3 Lj Liu ct ru 

(infinitely stiff girder) Bti flexible column fa W |R j RIB 13 n f H m H {9 fd G = 0 1 inilfmi jpjTflfd 
alignment chart 1 si RtJ Commentary tOSltlflSl^jlfp G = 1.0 UfimrmJIRlRntnBBtiBBWtnBBtH 
fixed incmnim i 

•N) -V) 

Unbraced frame H1BtlI9fnn8UBfRH1i3&ll3IlIirawUH[milJtlI8UBi3HHtilUMfl 1 frl 

d V su V 

intD5irmauiBHiiIimnitiBriTStiiTiHiuni3itiii39 irmarauiBjrnftnBimtnitsi braced frame i 

U Li in Li cJ Li y Li Liu 

migtimnasitiUIBHintiiniffftiRtigTHtitil diagonal bracing tiBTJiJimiSlRtiJTJB 6.®e) tl rigid 

nj O- «5 »vJc*Li ‘-' U in 'O U 'd ’ 

shear wall 1 RtiRmmtijillBjR MMI|nftilB9UUJim panel U bay 

BTHIBJmSntil cantilever structure ititUSlisiltJtlJlfjsmHSfiJltlR ItfimRtiWBfBTHfl'lHBMttiR 

Li n r> y U 

wrinuitiiatiligiBtR i mrMEiiisIsiisirirafjtT^iitJti ?njtiiiBstfiiaHmHiBTRftnBriT§ti i mmi 

Lie' U Li Li lJ m c? Li u Liu Li 

luWtflHfciRJtJfj braced frame THfRlBRlIETlin sidesway Bl3H1BRlIBURlfJ[m3l8H3t3i3IUMfl88 1 
titHSS fltillJIIfiBHaRMRIBigatiimSRinji (a) Sti (d) tslRia Table C-C2.1 TOM Commentary 
rmtu K WRlBlBIBl* 0.5 S13 1.0 1 tiBIBS 1.0 tjlRtHttiWRBMTtnUHtiR IS braced frame 

su V in V Lj n 

luiratiiRtHiiJtii aisc C2.i ionsi§ji[u iwRitiiaiRHiBRifJmRiiniHmiBi^la 1 RifjRiRinBiB 



trflfmdihmmttd 

U U pi n 



101 



\T.Chhay 




HUTiIsjictirafjiuiafiBcu 



NPIC 




(a) Diagonal bracing 




(b) Shear Walls 

(masonry, reinforced concrete, 
or steel plate) 

IffltOBUJlCJItU alignment chart Mfjnu braced frame 1 ffinfO nomogram Sl3$EUEUS- 
tathtil effective length factor 1.0 USGUSG IuiminBi3B9WtnBfniMBiMra8* * 1 

0 v ci ci u vJ su 

design aid SS IRITtJ alignment chart Rianjfi8nJlItJmifimSfiflIffrti 1 tUHSClTl 
maiBJHIBIBina Section C2 of the Commentary to the Specification tuimHBtfiitnBnjunu 

islstsiisi TRuransimmaHMBaTRftnBnirifTiiMilHmaHMtiigiBl Tuwsratitnsistg fnnsrd 

Uqs Uy -o c* tjLitj i 

miBistiiitiRHmRi^TTuanimH i niRSimHmiiJtiiHBTRftnBuinintiigiBliBi* RRtHfRiiiiJtiitsi 

ct ctww^JUiLjct a s w <~ju -xj v Uy 

TRUR1ITUTtiRig1raMHl3RMRRi3tlIR[m:iH9riMB1 TUMSra slenderness parameter A r fitstflti 
1.5 NfiJigtitRltittfim inelastic ItlimiHRnJl|Ulia|UMgmnilJtliggtlItnBtl alignment chart BtJ 
HISRtHRtitHSISS 1 MMimRiraBMRlBlRl3TRHIB* 1 SlIljilR1IiJimTMtlIRl3R1IR[mR K ftlTHIU 

Ell V U ct U) Li u ofc Li 

inelastic column HSC1TlPi§Jl]jJ alignment chart (Yura, 1971 and Dique, 1973) 1 luHJURjTintlJ 



* (UMSrat|EnhfRftnsn|Sh9USh sidesway RftTI beam-to-column HSfEifmi moment resisting tthmpnSUfphHItj 
(RftJlSttnJlSItBHjgUSfpU sidesway tendency 1 mSfUMSttmtinHStHSth moment resisting JlShHSHISfTlfltj'm 
iflhWWJ Shlfi ttntlltflHSH'ltitffj alignment chart IMfiJlii braced frame ptfiStSS K x 1.0 1 
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thimimilB* imtiBimtjHtfiHmati critical buckling load Mflnu inelastic column ItJwfijUfim 
fdHfnJ 4.6 b 1 I^m!t3Rfiai3|n9pltiH8rnmn99tlItnB buckling stress: 

p 

Cr ~ (KL/r) 2 

Rotational stiffness IUMMMns1nl3mnjilB8tilMinH1THaa E t I r IL r HJimfitHltJtlJMHTMU 

ct u ( 1 / 1 / eu u 

lUtli G M|jnmtUIBlRl3 alignment chart R 

^inelastic 



lL E t l c IL c _ E t 
x EI g /L g E elastlc 



ttflRJ E, RGtjlti E iSli G inelastic Si3Ri3fj1i3 G elastic ilfitlJ effective length factor K Si3|RjfpS 

niRUBm tiitiigtitmRBBtiitnBRiiHimaiHmiiJtiiHiBtiinimiiMiJRtitiia i iBiJinimR eje law 

o-e»W 1) 8 a IS- EJ t 

IR^JUigiStsl IHRimRIRUBrnmnlaunm (stiffness reduction factor SRF), ntnilUtlSSIfiSSti 
81tiipHWpUMWIUJnJtnBgp5ti pinned : 



^cr(inelastic) _ 7T~E t /( L / r)“ 



^/•(elastic) K El{hlr) 



(4.8) 



AISC tfUfitHpmRptnWMpmtiR inelastic IS column strength curve gtsiSSfdBfTlJ 4.8 



tjIRtHpmRpmtmBlinWUJW AISC Equation E2-2 Si3 E2-3 |RftnBI|UMpn F cr 1 ftJMS 
ra iral3§j 

P cr P u h/> c 

F "- = ^r — t~ 

lalmrota E cr(inelastic) /F cr(elastic) tiiHBRH sis P u i{</> c a) i qmumm wpu 
P u /(</> c A) = mMPa Bt3 F v =250 MPa 

2 2 

^(inelastic) ~ 180MP« = 0.658^' F v = 0.658 2c (250) 

4 =0.785 

0 877 0 877 

^(elastic) = = 77^7 250 = 279.3MPu 

' U. /oj 

/L c 

iJBiBsiHRimmRUBmfnnltiTfnfnR 

V 1 «>• Li -o 

SRF = F »-(inelastic) = 180 = Q ^ 

^cr(elastic) 279.3 



imltiutifismmtfei 
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Itfimwil ^.ItsIimJSRF RtilHSfiHStS P u /A 1 RIHITJM SRF tuCUtilHStiHStS P u / A 
“[RltnS^JtSlRti Table 3-1 in Part 3 of the Manual 1 

Qffltnmn 6.9b: iu6.9ri Uirnnn rigid unbraced frame 1 fftifffffaffajffifffllftmiftmffahti 

V in ->j u rt Lru c? 



ttilmtitfflBti imiti i ab *i 

Lj / Li Lj c? U v Lj n 

fc/ . t=%l t V £»> £S)t) 

usfifnmmtmmsImHtimssin 1 mkips tuitmmimilrr A36 i 
titn/ngfanm: ttanmima/imorimruai g 

Lj i vJ tit 

M[ffiumui A . 

S(/ c /L c )_ 170/12 _ 14.17 



m[mumw b 

Z(/ c /L c ) 2(170/12) _ 28.3 _ 135 

X(/ g /L ? ) 190/20 + 190/18 21.0 

H alignment chart fiffBlU unbraced frames, K x =1.43 . iulTUPBlUl] elastic behavior utsiSS 



iultnmv A c ffffljHJ 1.5 r&Sffi[fifr[mfffinJ7 K inelastic ttimj 

^ = — = 18.5 ksi 
A 9.71 

fi Table 3-lin Part 3 of the Manual tmnnmttUBmfnnltiTmmSRF= 0.83 
M[ff7Umifl A 

G inelastic = SRF x G elastic = 0.83 x 1 .52 = 1 .26 

Mfuaimw b 

G inelastic = SRF x G elastic =0.83x1.35 = 1.12 

m&tn: n alignment chart K x = 1.37 i tthatmmnsnnamfSBmajTBimnnii ISIS K v tMBtS 
1 7 



l vnSrmrnst mfustiHmsiti i BfBmtimfmsuimsImwsBmm^mminBBmfunjnrStintisej 

fj lJ tJ tv Lj Lju u yst> Lj ct 



X(/ g /L ? ) 88.6/20 + 88.6/18 9.35 
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FIGURE 4.17 



W12X14 A W12x 14 




fixed (G=1.0) U pinned (G= 10.0) HtHJTJW G HS|RltnSFi[UlSl3 SRF 
191 



6.e).mitfTiatl}ltm9nj BUtairanfi-mtll (Torsional and Flexural-Torsional Buckling) 

HS1HS locally unstable) 

n n u m j 

fiinBifnanaiunaHmnaBuiniHiunau tisuiiiniiBlnia/zr^sNji 

ct v yet JJ TJ in C* 2/ 

1. mnfntiitfimfnirm (flexural buckling) imiatnBnminjnmnmatuingiBsmianHBiuiHHR 

titmnnnas i (bending or flexure) 

Batinnajumtllaimni (slenderness ratio) BtflttlH (JUS 6. 9tici) 1 tflStfflfltfl minor 
principle axis lUtUHISfflSQtdfnn (radius of gyration) BBtfltilRI HtiflltiffllMamtitllinB 
H8mnpmunaiiiBtnRiTiHg|HiaiB8 1 

2. miimtiuJimiHnj (torsional buckling) rmtnn (failure) ttfimtmngiBMraiunnntfimfnjHtiJ 
(twisting) snHHRjuiiunmiuMHaRi ^HiBiRni§i3iR^HmBaHamiJwinBtiin[m:|jmf 
8113 IUimH1BH8fnnMIH|ggn (double symmetrical cross section) (JUG 6.9(3 b) <1 
Standard hot-rolled shapes HBttimBWtiBfmnrntiltfrmiHnnBJIimM tffaiftin built-up H 

1 v u i n n A 



U U Ft n 
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uBMMtiiJimirm* BawinmiHian i ranaisan^iTiBfmntTimianmjtiiMMMTHiuTtiinB 

n U u c? n v c^Ln^av U UU 

ismnmtiiBn mnmssHiQtnsHRnrm&ssSQuaicmsiRam u built-up nmisscustiRi i 

V n * d in -o c* ^ x lw ctct 



« FIGURE 4 . 1 8 



I 

( I 
» 



I 



V 



A 



t 



t 

A 




(a) (b) (c) 

Flexural Torsional Flexural-torsional 

Buckling Buckling (cruciform Buckling 

shape shown) 



3 . RinRiauJimRiinn-iHtu (flexural-torsional buckling) RirtnR^mRstssmSmsjmtJituusj 
isRinRimEJitURirnR BaRinRiauJimiHtin hdririd st3mtURmntbiRHtur/i7^5>z/c;‘i 

w n u ct v v 

1 

RinRianiin9iB8int5iRm9Ti3iHtiiHmH8RimiJtiiHiBiurU3HBMiHT9 mtaiuniatainB 

Lj vj U 1 V 1 Lj V 

HRjfi31H[SHffiSfi3 yGtjl channel, structural tee, double-angle shape Si3 equal-leg sigle 
angles BWuntiUJnJfflBHfyMIHtp titstfl unequal-leg single angle 1 

AISC Specification RjAl Si RHilfTIRn torsional tJ flexural-torsional buckling iSliCItU 
fiiHJHJ 1 Section E3 of the Specification UjunUHHilR double angle Si3 tee-shaped tUltll 
Appendix E3 tiWBf!Sgigl!lJWH1t3iraMTH1UTRUIUni3HBMIHTg 1 

AJ - ntlTJ UUUv 1 U 

Syaimaujunuri!SllJtlIinBIBlRa Appendix E3 I fltinnallWRmijJttnM slenderness 
parameter k e tjSfdEj] A c 1 IffitiSSEU k e gBBU3I|fTlH 1 H Euler buckling stress. 
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(j KL/r ) 2 



Slenderness ratio HltsfLinfintjl 
KL _ jn 2 E 



ftirnsra F e elastic buckling stress it3nj|Rlsl3mnmsmjtniiit3njnjiJ isisttfmi 



flxcul ? m m mi si hi s tin sim jn\ h : 

1. RWlfi F e fd{HTO torsional elastic buckling U flexural-torsional elastic buckling nfdHfTIJ 

Appendix E3 1 

2. PitUl SI effective slenderness parameter, A e 1 

3. FillllSI critical stress F cr nrdHnlJGHffl (AISC Equations E2-2 and E2-3) mSijji A e FjSM 

A c 1 UETIUHR design strength Fi 
i’c ~ fic^gFcr 

ItlEU <j) c = 0.85 titsFpfi3|H'ltj flexural buckling 1 

F e AISC Appendix E3 PTCUTJtCU well-established theory 

iutUiflSrlfl Theory of Elastic Stabality (Timoshenko and Gere, 1961) 1 i CU ni fliti fii jTH U FT1 J 
ttlfdtJJgilsiRfl notation flHlSfdHfnJtiijFmsIflflifdflflliiSli UflffiFnSfTUfdmCU 1 MTtflti 
doubly symmetrical shapes (torsional buckling) , 



flexural, torsional fl flexural-torsional 1S"I° slenderness ratio IwCUIFilFTlFi 




tUltU slenderness parameter iuWjfliFTlFi 





(AISC Equation A-E3-5) 



singly symmetrical shape (flexural-torsional buckling). 



imjisutiftfmmtfei 

U U ei n 
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F e = 



ey 



ez 



2 H 



1 - 



1 - 



4 F ey F ez H 

( F ey + F e z Y j 



(AISC Equation A-E3-6) 



El! U TO n tit U tu m S H nj Mi H |S (flexural-torsional buckling), 

{F e -F ex iF e -F ey \F e -F ez )-F?(F e -F ey )(x 0 /r 0 

-F e 2 {F e -F ex iy 0 /r 0 f= 0 

MErnremTfTitiJtjiriJHmiBnRSfn timssrarj f p iifitsiimfj i tiifjninttEU 

1 U U V C - V m ct 

U i U u i U n n tn 



(AISC Equation A-E3-7) 



EstnsRnERHHSitlnjnmsifiiiriJEmimiamsiTRltnsfianfiaQfiisI: 

1 U Ct L»y TJ 

C w = warping constant 

k 7 =mii[ibTm!l3raMSfnnMTHiijfTinfTil3^iffiiEnj ttltufmncbUiHianiSfTiistjijli 

<, i Li Li e» Li u 1 

U u On 

G = shear modulus 



J = torsional constant C IfiHSlsti polar moment of inertia hJT B3 U I fi H 8 ffl ?i H tU ) 

s^> a Li ] v 

2 E 

F ex — — (AISC Equation A-E3-10) 

(K x L/r x ) 2 

2 F 

F = — (AISC Equation A-E3 - 1 1 ) 

' [KyLlr y f 



loth y 1 H fi j fili H (S hi [HI U singly symmetric shapes 1 

1 



ez 



H= 1- 



n 2 EC^ 

( K z L f 

f x o + yV 
-2 
V To 



GJ 



Arl 



(AISC Equation A-E3-12) 
(AISC Equation A-E3-9) 



ttitU x 0 Stt y Q tjIRHnilllStS shear center Shear 



center ^QtlhmsitWH8mm£3tUtJSRm§|Hl3mfTll3tJ3lffiHSmtU 1 Shear center TfiltilSSffi'lffi 

11 ^ c t~\ i) Lru 



-2 2 2 Ix + Iy 

t'o - x n + y n H — — 

A 



, y~ H ' (AISC Equation A-E3- 8) 

mmQJRmmtintltUtTmslRlirdHfriimllUriJTHItj F„ ISlnttflintt torsion properties S13 

cu Lj ct Li C ct A 1 

flexural-torsional properties ISlgft part 1 of the Manual 1 fd^HIU w, M, S Si3 HP shapes, 
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J Sti C w JStftflgf)] 1 m§jmH J , C w , r a Stf H {Rftf S^jfbfHTO channel, single angle St3 
structural tee 1 double angle §J?UH r 0 St3 H ( J St3 C w IMStiHitims 



titstnsuttinins'imnj mnrnstilfnjimnmm^tiJJHCufiJTHitjHgmfiMmTsstJ i t3t5en 

v lti-o u uUi lUrw^ 

mRTH nurani3tnSHRIMmTStj1HtifiJi3friJri3l3fi ITflffimBiSttlfnfi flexural-tensional buckling 
is HiafiTiiifisisittli mMsrams ttTGntncTnftfilmtifi i MTBimuiRtsCumtfiss tmtirrEineifn? 

n u u Liu U i 

nfflilUmSrania flexural-torsional buckling frlHtlJStf HRJWlHjflHtlJ 1 1CbfJntSi double angle 
tticutii built-up shape tjiijjtfisraniaitltumsffimiuiips 1 

fb{HTO singly symmetrical shape, flexural-torsional buckling stress F e SStUtHSH 
AISC Equation A-E3-6 1 ISlRflfdEfTinSi y [RltnSR[UlfitjlHRjMm|S afllffiHSRRnsrd^l 

i 

JtlbiHflRiiUltll flexural-torsional buckling [Ri til S B fi i ?i ffl H H R] H tIJ t S S (flexural buckling 
RlHSfiJiSiSflHStBRHIS) 1 HRj x fiJflliHtRSfl flexural buckling 1 tiRiSi fd|HlU singly 
symmetrical shape inHluHlSiJEdEdflnJR flexural-torsional buckling SflHHRJ y ( HfjJfdlHjfl) 
fl flexural buckling mftJHRl x 1 iBHTB[UlRHffi[UmflStUR[Ui:tUiJ fiimSIUMWflttiCUTRfStf 
HmsHrao nfltmmmHamitltURQtjifl i 

O U Li EU V 

qmuim 6.9m: nan SI design compressive strength IUM W713.5 x 80.5 7 [mfS[UmSSW 
eflffffn/ x S 25 feet 6inches [Uffti [UlUGfnnmSHSJ y ff 20 feet IWmjUlftiJUMSfnmnS 

eV e=a> £*>0 

HSJ z S 20 feet 7 tfUtufl A36 7 

drnmstfinar: sun SI design compressive strength nJfWUffnf x : 



RlHtutU^Jfi3‘[Hltj single angle) 1 



KJ. 25.5(12) 772? 



r x 3.96 




{[U AISC Equation E2-2 

E cr = (0.658)^ E y = (0.658) 0 86662 (36) = 26.29ib/ 
tj) c P n =tj) c A g E cr = 0.85(23.7X26.29) = 530kips 



tmltsutiftiinmisu 

U U pi n 
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flexural-torsional buckling strength IpniHfff 



F = 

1 ey 



ez 



n 



l E_ n 1 (29000) _ 



0 K yLlr y f (74.07)" 



52.17Cs7 



U ECw 1 GJ 


1 


_{K,L) 2 


Ar 


n 1 (29000X42.7) 


(20xl2) 2 





23. 7 (5. 67 ) 2 



= 107. 7 ksi 



F ey + F ez =52.17 + 107.7 = 159.9Cyi 



F e = 



F +F 
'ey T ‘ ez 



2 H 
159.9 



1- 



) 



1- 



4 F eyF e - H 
{j 7 ey + F ex )~ 



2(0.813) 



L 4(52.17X107.7X0.813) 

V ( 159 . 9) 2 



: 45.81Cs7 



4=-'— = 



36 



V 45.81 



0.8865 



iuimWimBtSSfiGljlti 1.5 ffUAISC Equation E2-2 tflBUJSti /L tjBN$T k r 

rv v L/ 1 v e w H c 

F cr = f 0.658^ V v = (0.65 8/ 0 - 8865 ^ (36) = 25.91fai 

v / 

=</> c A g F cr -0.S5{23J)(25.9\)-522kips ( controls ) 

tsWtU2 Design strength = 522 kips 



Qtuntil IBllEltlJUJUl F cr Sti F e fjnftnSRWlSl minimmMtHIU flexural buckling tj?Hl 
HRI x Sti flexural-torsional buckling tHmiim y HlStURlUl^QRl 1 titHSSUSIUCI F rr Stt E„ 

TRltnsRonsi sin x r sa ;l inBTstftnBHimm 

Lru L C Liu tu U Liu U eJ 

strength <1 mn|mmS§lBHjmRUSmmJQltnQnt3friJPi[UlS1 strength 1 

uthJlJfTljlfnR flexural-torsional buckling “ECU double-angle Si3 tee lutU^jiSl ntl AISC 
Section E3 AISC Appendix E3 1 flRHISfnnmfU 

minRimmssuutji: n F e isltfi F crft , F ey tsltii F ciy sa F ez wltfi F crz 3 na^ma F cry 
[RftnSinn AISC E2 BtiEinnW flexural buckling mjUHR] y 1 

iBHJSStUtnS F crz imaintiltJltllHRJBHtmUM AISC Equation A-E3-12IB1* 
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fmnJmtntmagJntsHSCTTlRtjia niTETlgftJTHlU double-angle St3 tee Ht3SHtUHiamHfiQ 

i im ULi c? mu m V 



HiQtGitutnammjusaHtisnr i 

Flexural buckling stress F co , |nftnBH[mmtilHmaaMHmil3HmiUM AISC Chapter E 
ttJltmfU KL/r y 1 

nmUHmgjR nominal strength H1ti|nftnammmgB81tiI|fnH 



{RUHamaHrj^thtnaHRn Appendix E3 mjitiuJnn fiumimiiBg (RftnaifUfdjammR 
double-angle 3t3 tee I|tTlgfltitljaft3lf ffifd|RRtj1l3mn|p^mhJfTint3nJ^JlSlRl3 Appendix E3 1 

%minm 6.96: ttanm design strength mmunmsIfjsssitnmS 6. 9m ttiiatjpajSmjWM 
AISC Equation E3 7 

tfmms[finm. nsmumin 6. 9m flexural buckling strength NJfflUHfiJ x ft 530 kips IWtSJ 
KyLl r y - 74.07 7 P AISC E2-4, slenderness parameter ft 



p — a p 

i n rig i cr j t 




(AISC Equation E3-1) 




P AISC Equation E2-2, 

F cr = F cry = f 0.658** 1 F y = (0.658 )( 0 - 8307 ) 2 (36)= 26.97 ksi 



PA ISC E3, 




F cry + F crz = 26.97 +107.5 = 134.5Cs7 




trdfautfttmmad 

U U ei n 
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134.5 1 L 4(26.97)(107.5)(0.813) 

“ 2(0.813)[ ij (134.5) 2 

</> c P n = </> c A f ,F crft = 0.85(23.7)(25.48) = 513 



25. 48 to' 
(Control) 



ffWtlJ: Design strength = 513 kips 



custlcutsimagmtnjcLn 6.9tn stf 6.96 utti ninmhMRtim murai fj Appendix E3 

d ct* LTl 1 ofc U U 11 

MTHiti ranmsiHisnjfiniiiHsriJsirjre'ilSfiJiTfiJitltunmsiRligsiuijnli ttitufiimw 

U v a xJ Un U c* 

AISC Specification E3 IfitiimfiftJlStraMTHTO double angle Stt tee 1 mSRi3fnJHSf?i UMfiJti 

1 Uu Li Li o l net in in 

i 

JUfj double angle Stt tee fnmipSmQJRtnSlSiRti column load table 1 STintfSItflSlS fiflimEd 

lSfinTfi3it3tuiMigil3it3iffi aisc E3 itEffiRmmTmBHntaflatritutustaturarjgsiuijnli i 

Un ct vJ U &J <!n I «Si d 

mna^tUSlmH design strength H iuEUH tilth flexural buckling mjUHfi] x SflHtmgjmh 
flexural-torsional buckling ttaJtdfffTJ y 1 

single-angle 1 Design strength ItltU 
flexural-torsional buckling ]4 ij ulSgjiSlnfl specification 
filjEniJ single-angle member ISlfifl Part 6 of the Manual, Specification and Codes 1 

Cs.ri. Built-up Member 

|tJMSramM1tUtUR[Ui:H8mfi (cross-sectional properties) iflMHflRitfmifiJflfi built-up 
mjlfnflmrjliHisnjRtihiTrd^fflmriJTHiijHflfiJflfTiJfdflmtaifltsfR mMsrattaRtbflfjHSfrmti 

a U U ct u n nvJUU ctn i 

i 

fnutnscu i aisc E4 HisffljfUHR^irasitltusifismsisflfriJRfnmsi tfiHffisttmHffriifriis 

oy 1-1 U Of- U Uu 

rolled shape HCU mTGS SttHttfEtitUthtflffi plate miSHS 

vJUn n 1 u -vi U n n 1 -^x 

i i 

plate sfl ttifintt (shape) i Bsstintnjnhicmmififrm raflsflJWRnfflj?i[insinjR[iii:H8mfirarj 

A v A ' i in 03- 8 1 

rantt built-up i 

Design strength JtlfdHflfiJflfTlJfdflfi built-up fllHSAHStSlSfl slenderness parameter 
A r i titnssmffifRtmRHfmH sflfnsanjfnnitltuTRJmsaHmsifltsii i fdmiuHSfrm 

L u Uu xJ UU c* XJ U l 

homogenous HRnHTHRMSflHmSTtJ^SHS llSrmTfiJRiafTlJfi[UlSlT?iJfflStJl3initSlRi38S1UlJ[lJi 

vJ Uu i O U i xs Un <=t Uu in -o ct * 

i ttaR^mrjHsmiiTRlwsMSRtflRfritjfnstu i 

c* n i L»u ^ of h 

1 
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qmumin 6. mmtuwuwmtslritims 6. 9d mfmBtitBmtfiaimitfnrftffmBf 4"x 3/ " nm 
(wmmvitjFf u/i 8 x 35 7 A36 7 rmftimms/vnmfumfmtinm 15 feet 7 

ny £7 U U c? lJ tJ J 

fffimfjsmtisdmtinfmfipsfimmffimmmitimflfHtifiwsrueiJGfnnmni twamanm design 

(T) Lru u- c? U n U & -v> ° 

strength fulLfdJJffflf flexural buckling 7 

M FIGURE 4.19 ^4"x %" 



W18 x 35 



flmmsTtintu: timmspmmtsufpfinm mntrniskumin: useumrsusa ms fisncu flexural- 

U y ^ V 3 l Lt n / rt c& J 

torsional [nfWSiGlkU 7 

HsmmjGumiftfiHmmmttimfissmffnmnnsi 7 mstifSHsnHfPmPitmru 

tJ / L CUJ tJ y Lry t_/ Li 

principle of moment: PmUGHHiimGpIPrmVGmPfSHmVllsf'UStlffnUiniHm ( ISlhPfGl- 

1 l j y y Lj 1*1 a » / xj y lJ xj y of 

uurnss ffhituhYdmsilfGsitiiwrmv plate mfmsffU) mffmmstifffftirftGpftsfjm 7 

xj fk ct ‘ Lru Lt Lry y Lt id & / 



snnti 6.9 



Component 


A 


y 


Ay 


Plate 


1.500 


0.1875 


0.2812 


W 


10.3 


9.225 


95.02 


I 


11.8 




95.30 



- Y Ay 95.30 

y = = 

‘ £A 118 



8.076 in 



tfwmstismPmfjHmsmtfsHsmmPwwssnnsimmw mtimmnnsiHHtisswfnn 

y xj Li i ex- y 



t tsjUStiHhftSSiultlJ tfU para I lei -axis theorem : 



1=1+ Ad 2 

few 1 = ssasGmmnfGfuHm9m^9ssmfjffi9pttstsI 

y U xj Li i ts L/ w <* L/ 

A = fS9p} ’tflUML 'tfrtfif 

Li id Oi c* xJ 

i = ffffPSGmmnmf9ffGirmm9isPmf9m[j9ffsmmm9prPPf 

y U xJ U xJ Li ] ts L vJ o* xj 



trffmtfammad 

U U Ft n 
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d = Btnariftwtitiffffjnj 

misnjmnmsmtftfjs&ffiyffifmsmwmstfffifmsumumssnJWSB&iissnnfnnmdj 

V u U vJ & ij jj Lry Lju y eJ jj y 

composite area i ffifiti 6. In tfimnijfewmgffnrnfmnti 6. 9 ttiiarmmamimanmiBi ? 
MimuHnjwi 

V = — (3/8)(4) 3 +15.3 = 17.30m 4 ( controle) 




mnia ts.ta 



Component 


A 


y 


Ay 


1 


d 


I + Ad 2 


Plate 


1.500 


0.1875 


0.2812 


0.01758 


7.889 


93.37' 


W 


10.3 


9.225 


95.02 


510 


1.149 


523.6 


I 


11.8 




95.30 






617.0= I x 




y _ 15(12) 



36 



F = 

1 cr 



= 1.667 >1.5 

1 .21 \tc V 29000 

(36) = 11.36foi 



0.877 


P — 


0.877 


1 

<*b to 

1 


t y 


(i.667) 2 



</> c P n =</> c A g F cr =0.85(1 1.8X11. 36) = lUkips 
BWtU: Design strength =114 kips 7 



fitHJmimififTIUMtmU Built-up Members Rolled Shapes 

junti built-up iiJtiliRgmHtiiaiRRiuniaiiJtiifilaTauJim roiled shap itJtmfifinnin* til 
double-angle shape 1 built-up jU 

JfiStSS 1 JUS 6.100 UtilHlHtiRJllfTlJfdtifiJUfj truss ttitummslsti gusset plate JSlSItitstiSBUJ 
JUUfdll 1 iwHJJfijl back-to-back seperation JUfj angle fflHUJ[U 11 tU|UtJi 3 fillers Si 3 spacers 
itinjuismumMsti gusset plate mftnstfimsl angles uJimfinnfiiwsRi 1 RnnfiTRilfimBfitH 
UQ]]JU]TnSJuHjJ§§j built-up member IBJIgmitiltllRimriRHm 1 JUWBItJHtifilRltiinjUHR} x 
(flexural buckling) trai 13 JT 1 U (connector) HBItiBftJBRfiimBHiniHmiB ItfimutmiBRURmU 
BrmHmttllffiJRns?Tll 3 JUfjHi 3 fiS 1 i 3 nJ 1 t^HTUISltri built-up member mmnJltUmhl.URHtU 

mxJ n e-J 1 cr & u 
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AISC fiTHltal stiffness raMG1?if3lSHffi5HST?i!Gfj1i3UfTlfitJStS stiffness JTJW built-up 

Liu 1 vJ u Lru u A 

member IS 1 

a < 3 KL 
r i ~ 4 r 

iiJui a = nnnmnMi|R}afTiu 

n = mBBwmnHUTminmMtnnti 

t e-J i n 

KL! r = maximum slenderness ratio Jtffj built-up member 



H FIGURE 4.20 





tUMBIUHammtilffjUHfyMIHtJp (UJWfUi3Bf flexural-torsional buckling ttijUHflj 
y ) tratommtiBffitritimR i WRgtinisgHiQTRJtnstHtiJt'minniSimnQijnfn planks njftitmnfrji 

u U C3- v cu 3 a Lru -NJ A U 

rh raftnBuiiifmainainB 6.1a® i rawsra plank HSTRftnsfrra fisaiHnimHitiu* islincu 
itlculiJiftisR itrimfiaainfni^nHriiiftBifliHiiaTRrim i islintiilStiJJiTRftnsfriuiSimusTa 

<in «=» c* vJ ot LJU UJ- V VJ 

ttimmw) plank rntinismtimnRHm nfimnwwijBUBtifniiHtiJ 
BauiSntiiRHii3fnma1ni3UBTi3 1 rrmnmiinuiBsmRinBiBlnia double-angle shape islincu 

nsu ct vJ C ct O t 

11 1 

mnmtiinjuBtiHnj y i juMBragH plank ^ftnBihmiftm^JRinrnaiRRHiBiijjuBaHRjitija 
ib|r cum b) isis plank sitinjstitfntiRtithRtintuQEfi luimmBmiiHni satnamnafriR i 
mnSmnBsinBwnim^MiijjainBamnrnaiBjuHfy x rani double-angle shape i iBlinwitinj 
tratommtiBifitntifflH IRTRffni modified slenderness ratio UJWHIBRIHlfrfitifitHnfiTtnRti 1 

U iJ V cu L»U cu cu Li 



imlbutifbmmtifi 

U U pi n 
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ASIC E4 ntninim|j3a{Tinni|TIing: ( I) snug-tight bolt SA ( 2) tijll B fully tightned 
bolt 1 mimmimtiiHHnfniHfnumaialnafinnBri 1 Column load table fbTHTO double-angle 

U>- c* V Li CJ 

nimnwmitiju b fully tightened bolt i Mjinumnjhss: 

(KL) 

l r ), 



taco 



1 



' KL A 2 
V r ) 0 



■0.82 



a 



f \ 1 
a 



fiv) 



V'ib] 



(AISC Equation E4-2) 



(KL/r) = original unmodified slenderness ratio 
(KL/ r) m = modified slenderness ratio 

h 



a = separation ratio = 



2 r: 



ib 



A = BHimifitigTufigHaiuMmntii (inaifflaaHmiafnnfTiiaraMHaH) 

u i ts i O n 

snug-tight bolts 



KL 

K r ) 



1 



( 1ST 



KL 

V r J 



f \ 1 
a 



o V r ib J 



(AISC Equation E4-1) 



Column load table fdTHTO double-angle shape BAimnBBBlTffltifTlBBltnBMTBIB 
flexural-torsional buckling strength UjCU§J?TlHHfy y 1 G S S 1 ^ A |T1 U M [HI U flexural buckling 
strength fTIHfffi} x |fl!WSR[lbfl?flHfnnij1fni3tACUtri slenderness IBM angle BffiHS[inlAtilAH 
fTIAHStS slenderness IBM double-angle shape SlAHtUiS 1 



qmmnfi (£.9ci: Ptn/isi design strength mtiifftimtimftJtimiiaminmrfrtinviQ 6. tab y few 
niJ angle P 5x3 x [fifWStfimtilffifyfetiiftigWStiffl fWffilWfinm y % inch 7 [mftf 

[UfJSfnn KL = 16 feet StliflS fully tightened intermediate connectors is 8 8 3 7 ijJJitjfi 436 7 



m FIGURE 4.22 



o 


o o 


O 


0 o 


0 




a 


a 


a 


a 

— o- 


























16 ' 
















116 



Compression members 



JgjimstjiBnwmmtsmnffiji 



Department of Civil Engineering 



Btamtftmm: 

Pi [W 31 flexural buckling strength [J[fflUHfTf x 

3- we?) 



1.59 



K = 



KL F v 120.8 36 



rn 



n 



29000 



= 1.355 <1.5 



fJJIAISC Equation E2-2 

q2 , occ^2 



F cr = (0.658 ) 2c F y = (0.658)( L355 ^ (36) = 16.69fcy/ 
= f c A g F cr = 0.85(7.5Xl6.69) = 106fo/« 



ajpitmnj y 

KL _ 16(12 
7T _ T25" 



= 153.6 



r > ^ Of f t/ 

W tfjnllfln fl exua ra l -to rsiona l buckling strength fJJfFlUHftJ y fjjf modified slenderness ratio 

t&mnnnnjffnnttmNtTtfftifnu 1 nnnmuejtrnftimm 

Lj U t~y Lj U ay 

16(12) 

n — 2 L — , 



uswm 



■ 48 in 

1 

a a 48 



f r z 0.648 



= 74.07 <0.75(153.6) = 115.2 (OK) 



t'ib = r y = 0.829 in 
/1 = 2(0.75) + = 1.875m 



h 



a = 



1.875 



= 1.131 



2 r ib 2(0.829) 

HA ISC Equation E4-2, modified slenderness ration ff 

' KL ' 



'KL' 2 



\ r J 



-0.82 



a 



f \ 2 

a 



\ r J 



(6v) 



V r ib y 



( 



(153.6) 2 +0.82 



(1.131) 2 ( 48 ^ 2 



1 + (1.313) 2 

mmsg[fffwsf[utjsftj3j KL/r y mi&imansi f ( 



0.829 



= 158.5 



KL F y 158.5 r36 



kn =— J~ = 



rn 



n V 29000 



cry 



= 1.778 >1.5 



trffmdiammttd 

U U pi n 
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f[UAISC Equation E2-3 



E 

1 cry 



F = 

1 crz _o 

Ar 0 



0.877 


FT — 


0.877 


1 

n to 
1 




(1.778) 2 _ 


GJ 11200(2x0.322) 



7.5(2.52) 2 



(36) = 9.987fcsi 



= 151.4fai 



F c,y + F crz -9.987 + 151.4 = 161. Aksi 



F crft 



C F +F ^ 
1 cry 1 crz 

2H 



1 - 



i 



l- 



4F c,y F crz H 
( F cry + F crz Y 



L 4(9.987X151.4X0.645) 
v (161.4) 2 



161.4 

” 2(0.645) 

</> c P n = </> c A g F crfi = 0.85(7.50X9.748) = 62. Ikips 



9.748 ksi 

( control ) 



Gfuritfi wstfnjtirlfftizmmmssmsfimmitiftimstifiwfafljgnslFrti column load table 

c3 ct eu U lJ c* eu fj <=* 

fftfftff: Design strength d 62kips 



qmtmnn (s.9rt: minsmtiditimmtimmfti 14 feet iumrsusmmmn 50 kips 1 trmtimunti 

double angle ttiPJmSttrtiSSCUStim BBfflBdnfimm % inch 7 

x c i nnjifiassfffijti 
fnutffiftamantiajmimf (itfmtinjnrEtitBlmnnmnjTmftjmfwBtinjiTffftifnu&tiJ) i irmtin 

ay e~i Lru U n Lr Lru n U U ay u U 

A36 7 

thorntjanar: P column load table f[fiedl?fd 2L3 x / 2 x 3 x iuflJtnSSBS 10.8 lb! ft 7 

edBnAinmedffsmmssfd 5 \ kips ttomnnnnjmnmtnqfuHnj y tfidtnstijptftijUMsmn 

14 feet 7 (i mMtihd8JJPfmSt3 flexural buckling iUjUHPJ x R 60kips hdnJWimjUtfti 
lUfdgfnn 1 feet ) 7 

mnmtnufuHm y mgrfrffftimmtinmtimfi timssGssn^tijriuffiurms mfwstiif? 
fuffjgustustinmmss 7 mntmtnmtfi fimimnmftJfnmBB 3 7 

eJ eu ui ~\y Lru U U ay v 

tswtn: t[U 2L3y 2 x3xj/ 4 BrdWStit[djti{pUBSS 3 Idjmujmin 14 feet 7 



118 



Compression members 



IgjimstfifinwmsmgMmtji 



Department of Civil Engineering 



built-up member ttJlUtajtgjmtfltlJ plate U both plate 

tjlHtUSi3 shapes 

talintllUJUl built-up member UJtlJtijigjiaitfim rolled shapes Hi m^auJimmantinn 
tfiangp plate [RJtnSlfptBHjfimU shape 1 AISC E4 

Mfjnuminmu aaatriiuM plate i n[HirnitsitnBiafTiinmutRftnB9jn!aHMijriu built-up 
compression member otSlSjfiloCUtajigjiJtultll plate U plate tilHElSti shape 1 



ipfftitrijftimmtitf 

U U pi n 
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V. GH 

«* 

Beams 

tf.9. tftJBRtpH (Introduction) 

|H^HaniuMitR)aufliiJtii|9ngn99ti fltsiajiuimtnaipjfiitiBfminH (flexural or 
bending) 1 flBtitRftnBtRIUllflTjl beam- 

column (ifltiiBaTHiuRTtmtmalnafinnge)) i iBinaHamn^auflsgiiJtiiinBimnB axial load 

Lru U c* v ctnUUmm n 

i 1 i 

namHtitjRti InfiBntiifiMtiiMaiBSTHftnBimtjitmBlnamiHBiHtiiiraB iuitmntnBt5iHgRfitii 

ctsuw e» ri n Lru <=* i n U l 

beaml tilBIfflnHTRftnBIRfllRRiagMUjR BiaitiBftJBRTJmTI tRilHBtntnBIRRtiRinjiltJmBMB 1 

U Ct Liy Ct V cuj Ct 

11 1 

Ham^auflllJnitRftnBIRtslRgRtil beam |!JMSra!lJfls!flSRffi1fl[ini^CUt§^jlltmfl(bending) 1 
JTinilHBRIR (cross-sectional shape)ltiCU|R!tnSim|fltj1StSliHH1S W-, S- Sfl M-shapes 1 
UltlJS* chanel shape RTRftnBITUlJB^SHflJtlltinffftJrillJRnB* RflSTHfl I-, H- tl box shape 1 
Doubly symmetric shape wtstil standard rolled W-, M- Si3 S-shape ttljUnfllutUHIS 

tUMBR'intfllfil 



X3 FIGURE 5.1 




n 



h 



} f 



tflBIBl IunailJWtnBriRlIti}lUMIlJRUB*tRftnBIRRRtil plate girder UIB AISC Speci- 
fication raflttiR beam H plate girder iul tlJEUJ H Wti WIGjUBBtil BJR fjn ftj (width-thickness ratio) 
ITJMTBBin ms fltfimsiti hot-rolled shape Sfl built-up shape tftHmStiBtmtiElJTfif 

Li 1 V Lfl-o AJ -W Lru 



l^Ufd^HIU width- thickness ratios 1 jjjfdS 
(SIR IS) 



h_ 2555 



A 



h_ < 970 



F y t w lF y 



(S1RUS) 



HaRnR^auflTRftnBIRtjlRBRtil beam UfimHBfifitjlfltjl rolled shape Util built-up 1 ^fttSS 

n U U ei Liu i A A <=* 

tRftnBnjunuiBlRa chapter F of the Specification, “Beams and Other Flexural Members” 

itiimfiRtiiTGinBUBiiJtiiTRimRHRBtintmBlRafinRiB* i rawsra 

Li Lru <=* U Li 
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h 2555 

— > 



(8i?i is) — < 970 



(Bin us> 

ct 

y "W a/ x y 

plate girder gi3|HftnanjtinmalRi3 Chapter G of the 
1 1 

specification, “Plate Girders” 1 tSlnt3Xri3jftfTitS8tmt3St3StintIin plate girder RtitjCIRS 901 

i i 

UJimtmilR slenderness JtJfj[SSl3 plate girder |RiR1iritni[linrilMMia1ClIt3 Stini^RimtiElJ 
BltnEMtHlUgH 1 



[RU standard hot-rolled shape luOiHlui ntnSiSlRR Manual RMmslRtipiRS beams 1 
Built-up shape R1Rt|pS[RJtnSQ1RQ[hnfiglRtil plate girder UI3 built-up shape 8S|RftnStnR 

gRtiinHuJimRimniiRiuM aisc i 

1 ct 

M|jnu beams, SSIRSSmRIWlfltififntmJSR (load effects) St3 strength R 



M u — n 

iticu M u = uBjiaHH^HtjimiiJtiintiiaiR 

4 =IHRIimiMMtiM[jnngH =0.9 
M n = nominal moment strength 

Design strength, fipM n ls1tnWS°|1nltnSlRtlJTltfl design moment 1 



g.la. RiJpianR atJHHlatnMtS (Bending Stress and the Plastic Moment) 

ulHjtfltsROnR nominal design strength M n ^tJl31ffil3|R!nSRjretUR1i|tJ|nms1 
(behavior) rafdRHR1Hiffi:iSR1i£3lRiJSRTRij(UR8[Ul RiariuaRRtilUlRlJWUBRllJtllinBlSllJim 
RHtflR i RtninniBHiiJtmiiJitTiialRi3/£rff ti.ln a iiJniTRftnBi^mi^miBtmaiiinSlTfiiRiiaiBtuaa 

ct ct in ct v L»u e» iJ 

HRjtH ( HRJ x- x M|jnu I- St3 H-shape) 1 fdjWd linear elastic material St3RtflQ{St3^mtURQ 

RiinruimRarRianRTRftnauuuniaiRti ms ti.ln b tjiHrastiRiiTRiiaiticuTRJtnsfiJSRtrinTiiiffi 

Li 1 Li Liu in -o ct V U 1 Li Liu v* Li 

IMRIHSStirafdRHI ( RHnt3R1FiT?if tpSHTTIJ CfJTIttJimtSTRtSl Rt3ttlRS tU.rf) 1 H elementary 

ct til Lru vJ ct ct J 



mechanics of materials, Ri3TR1l3TRi313nP1j[lJTIHtlJffl1jR[inRfnsn flexural formula: 

1 Li U i u 

My 



fb = 



(5.1) 



itiEU M ^HHtiRRiallWHSRIRIlJtliriBlIimi. y tilRHIffilRlintJatlPR (neutral plane) iglBIUlB 

V 1 ^ (U A ' 1 



itiCURlatia St3 I x ^HHtiBBWmniaHSRlRIlJtmBjUBaHRJimRI MIH1U homogeneous 



as 
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material HRIMRTRRMRIBtiHRtBTmjBHB 1 MHfflJ 5.1 RnnnBlltijRlIMBRTjl RliriTiJim strain 

Liu 1 ct O U l </ ~t> l_j 

mBwnim^umnriiwiJtiiiunH uJnjHjitiiBjRimtiHiBWBRtji HsmmtJtunu (plane) Hsiiamj 
nmaimnnuiJiiJtiiiTmmminHi iwajeiib* HSfnHnHTRiiHHiBHmMiHTBumTi raitmjsRTRf 

O U 1 ct Liu O 1 U fuj dj Liu 

iRMmBlnau^iiJtiiinBHmMiHTgiBis *i RmStUHsmnrnsriHRtustiiimmsg TRftnsnuiJtumsI 

tvctsu O Li ct 8 3 Lju 

r^rs fi.stm narmaHRniinaaiRmaiMiiMitinsitjnfiiutin tficu v tnBRtHHRtmm 

ct ct i Li ct Li 1 m 

tftnss fiinBRtHHRnnnriiR RatRiiJMtiRHRuiHiiBlMiiMitinBitJiwutiR saniiTRiamni 

V tu 1 Li n Ct 1 1 U -O 

HRuiHiiBlMnMitinsiaiTfTiHntiR i niMBiuHninjiRtiiHRiMiHTgRaTRiama nnsisamsmH 

ct Li 1 Li \J O i Li j Li m 

1MR11 



M|jnURl3|fnl3HRUnn MHR1J 5.1 HIBWnWJRtiBtHij 
_ Me _ M _ M 

J max ~~ —j — 7 T~ ~ ~TT~ 

! x l x lc S x 



( 5 . 2 ) 



liJtii c^BnmmfiJRnHRiimRiBlMnMiitinBiaiTRlutiR tuim s x tfiHawHSRimHBTiwBiBHs 

O ct Li 1 -A, U I 1 vJtiii 

ffm (elastic section modulus) 1 fd [HI U {fi Uj U nDB 3 RVR section modulus HISRtHitiJ 1 M|jnu 



H8 R1RBSM1HTS S r BtitnBRtHni: HmMTHIUMIIMltiRBiaitiiutiR BaHtBIBlRMTHIUMIIM 

1 1 Li -A. cu u Li ct ] u l_l Ll 

itiRBiaiTfTlHUtiRI RIHJTJM S x hlTHIU standard rolled shape TRftnSfrlRRti dimension and 

ct Li l oj -A Li A Lju ct 



properties table tSlRfcl Manual 1 



n FIGURE 5.2 



i i 



utnnm 
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MHfnj 5.1 sti 5.2 HismmsItnsnanmiiusnfiQtumStUEUHirnsIlRMmsIna linear 

m ct j~i <N.ct 

elastic range 1 lltflSSratalRtiffilti / max BSfjnltitilti f y HJlffiHlSSffitri 

HHtiHSTnflkjlti 

V Uu 

My = F y s x 

itiEU My 1^HHl3nmJlCUlf§j|ms1t3CUQ[Ult5 yielding 1 




tJSRmHtafimcutjliJSiJST0 1 islwcu yielding tnmfsH fTijn|i3iraRl3|?nms1iwH8fTimn3l3 



Gff 



123 



\T.Chlun\ 




HUTiIsjictirafjiuiafiBcu 



NPIC 



Histunnn:tiiusiri unis yielding strmnmnednrdltinmmrniislHmMfi ‘1 ntiintutiiHmm 

3 cfc JO ctUiJc* 2JC* 

fitissticuiti yield aanTiHMBamHmninmnHnHmRnjntiiiuMnHiiJtiiHHtinHHiBHiHiMBa 
m v isIssriatiinQs i mjBftinjia yield iBJTHitnBiJifTiiiJiBittinnJiisliBina/Er^’ m.m c sti d*\ 

y U J Uu Lfl -NJ -in c* v 

IBlfiti/ZTff tf.bb yielding IBUBtimUlStn iSlnfl/7A? ti.b c yielding til slfi fl CUij fUiSl n t3 (S S A 

i 1 i 

UntlllSlfttWt? m.b b HSPTIFiSnlaHCUtnS yield 1 WTHimiHHtiuiBHnaKtHtilHliTH fllWTTJ 
lUltll 12% IS yield moment iB Hj SI §Bn£ m RfTIEU (b) t Ol l3 CIJTI H m CU (d) fil^HTO W-shape 1 

islinwimaltiwflnmfifntij (d) |pSsmis1lfimsHusmsj?i|Hst3tnn iBlinwtaoinmaHM 

JtIfdH8fTlfitnSlSluCU yield plateau JUfj stress-strain curve lUltll unrestrict plastic flow Si3 
mmeun Plastic hing mftnsisTflmflHflirardGH itflmMBimBJtiiHmBtiMBinrinTtnRiJisI 
SlfldflJtJfdgHtnflPitnStjl unstable machanism 1 RfllHCU plastic collapse, mechanism motion 
THftnBUiJlfmBlnia/ETff Cl.tZ'X Structural analysis i£3CUflimChfTIJni31J[Un collapse mechanism 
tnftnBiniUlitJl plastic analysis 1 RintUlSin plastic analysis Sfl design [RJtnSUjunmslRfl 
Appendix A RAlfiljllfillSS 1 



■ FIGURE 5.4 

>v '" Plastic hinge 

cusfnnHHfltnmij Iflni^HHtiiiJwTHfmnBmuiSHMBiRtnMti HiGraftnsfitinsitimi 

& v cu v i-iy e-J n cu cu Uu 

aiffiTMwnmjnmjndifTijnTfliffiRflTRiflTRlmi isinumff m.m nMnintsfitirmtiMiin sflnfl 

u u u i u l»u ct cx v i i u n i 

TmtimrnTHftnBUiiirTi law A r tiirnanitiHSfnmiJtiiitifniMtiH sflA, tiirnariitiHSfnniiJtii 

U -o Liu in “x5 L u vJ | n t U vJ <ii i 

jttfrusini i [nsji^rnms§tii[]isjii^mis1n8imm BanBiaiirnHHnjimntjiMB (plastic 
neutral axis) iflWHBBItnBlJtimBtiHmimmHariMB 1 nfiJISfnnCUSflrafjRHIfl IffifltilS 

C = T 

A c Fy = AfFy 

A c — A t 
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tJmssHmmHtnMmijRHgmHtjinQtanmMmi rjTHiuran^WMmrsmtusafinnsmjnfi 

V eu & i U v U lJ 

HmnjmmSri&JG BHtitilMts M n frl resisting couple ItlCUmSmgTll 

o vJ o. \Jw&vczvw&t y n vJ 

itnffiRHiannmm stiHissfditilttom u 

CU ct tin c* "V 

M p= F y ( A c ) a = F y ( A t ) a = F y 






\ L J 



a = F y Z 



tt3cu a = rnsrittiHsmeirajtJ 

U W 1 ] 



= GHiffiJliiiHmtuiRrarjTRgTi^mRRturicumlinj 

t/ O U vJ c*! n 



f 4^ 



z = 



V ^ J 



a = H^CUHSfflfiiilMlj (plastic section modulus) 



IH FIGURE 5.5 



Plastic / 
neutral axis 








C = A c Fy 


-< 




a 












T = A t Fy 



Py 



qffiwmn ti. 9: tfliftlfSti built-up shape ttjfimwmisinifi US &LS Gimifiti cm elastic section 

v 11 m yj tt u v 

modulus S Sti yielding moment M y SiJ (S) plastic section modulus Z Sti plastic moment 
M p 1 mnmtimjUStiHfTf x A512 Grade 50 7 




dra/nxffinm: 

cm iuimtinifrmswGan: tmurs rrns elastic neutral axis c ffm x j cdmsimrintinmGsrm 

a i U tJ n l 

(smtimejsmtj9BS) 7 mtisGfummufdGsm^mGjfifGnn^wstidimnujs^usHm 

U / *s y i Lru U U r j i J 

[MU (parallel axis theorem) iWmm9tsfuhmmnfl31[nftfl3fJftim3lGtimnti ti.9 7 

snnti 
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Component 


7 


A 


d 


I + Ad 2 


Flange 


260417 


5000 


162.5 


132291667 


Flange 


260417 


5000 


162.5 


132291667 


Web 


28125000 


- 


- 


28125000 


Sum 








292.71xlO b 



Elastic section modulus Pi 

_ / _ 292.7 1-10 6 _ 292.71 -10 6 _ 
” c ” 25 + (300/2)” 175 

Yield moment Pi 



M y = F y S =345x1.67 =516.\5kN.m 

m§tn: S = 1.67 • 10 6 mm 3 Sti M v = 576.15 kN.m 

» y 

(8) iuiffitinnuntiissmsmmwieJiBrsiisiustiffnf x , tmsHfinssfamsmfitiwmsmMm 

V a i U U xJ / v* a 

ttnwHfinssfitfi plastic neutral axis tun gmtjgBsmmtfmmmcusititcumfws 
principle of moment 7 BpifffftitGjUHfiftmmSHSmtimtiHtU (JUS &LS) 

iwwmmiwm[niwsiijuijimriti ti.ln i 



tnnti ti.to 



Component 


A 


y 


Ay 


Flange 


5000 


162.5 


812500 


Web 


1875 


75 


140625 


Sum 


6875 




953125 



£Ay 953125 

y = — = = 138.64mm 

X A 6875 



U FIGURE 5.7 



1 









Centroid of 
half-area 



< 



HH 




jus Ec.nl utiiniisihimfdHHtimnjHHtimiumfinWSimfitintiB 

v m -v* <=* v v v <=* 

a = 2 y = 2(l38.64)= 277.28mm 



126 



Beams 



Isp^isdiBnwmsmsnmgtji 



Department of Civil Engineering 



tUHU plastic section modulus Pi 



Z = 



a = 6875 x 277.28 = 1 .906 ■ 10 6 mm 3 



v2y 

Plastic moment Pi 



M p = FyZ = 345 x 1.906 = 657.6 kN.m 
Gwm:z = 1.906 10 6 mm 3 Stf M n =657.6kN.m 

w p 



QmtlMin tc.b: PUU1S1 plastic moment, M p (if [if! if IV 10 x 60 WPdUdn A36 1 
dramsffinm: P dimensions and properties tables fSlffti Parti of the Manual 

A = \1.6in 2 

— = — = 8.8 in 
2 2 

Smijg&BNTmuTPTgnfamriffmnjfflmpTWBnpTtitnritiNTffiu WT-shapes fufum/ws 

Lj j cs Lj Lj vJ Oi £7 ct Lj 1 Ljjj 

mtmmn w-shapes i mntfftinjffifpnmejfw wts x 30 twtffifflmnfasTtiirrriutittmaianu 

-v» ' v Lru <=* cs eft Li / eu 

fgisrutjGBsfi o.884m timtnmstoximQ tf.cS i 

U I cs JJ in -Kf ct v 



a = d- 2(0.884) = 10.22 - 2(0.884) = 8.452m 



Z = 



= 8.8(8.452) = 74.38m- 



V ^ J 



OJ9tia]itiaJ99BJWBtBgmBm&Jpjm!ijmwaJBtititmtiajfljtBlgtl dimensions and properties 
tables c mnsmpnminmffftnmfBmsssiifrpnffifSffM) 

GWta: M p = FyZ = 36(74.38) = 2678 in. - kips = 223 ft - kips 

m FIGURE 5.8 I 



0.884" 



f 






d = 10.22" 



g.m. tustt 



(Stability) 



an 
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raMBranHmBinntiiBtiiuMfitnBiiJiniJtijfiMHRi3tiin8[mtnMt3iniTiitiirTi tsis nominal 

u ct o u <xct8atu«ii'0"o 

moment strength jlnfijlSlflBRIjlBISRtBifjJSfl plastic moment capacity Uj£U 



M n M p 

tfeHfilm <M n 1 

~o 't y 

tStsmnxininiTttST fnnfnscustimtiHissffitjicuRtinirijra UHiQHisstutiitiJRtinrtEJimBus i 

V '■*> 8 1 'Cl 8 

mnmaiuMHanTHftnBuiiitTiiainti/fw ^ a y iBlinniBHima BtisitimifbtfB (itineuaiw 

n Lru in -o ct v ct n ct 

HRituisi) Histumhi: aafrmnmiTMuJtaBtiMMi luimfiBti buckle niMBiuuifiJUMHsrnntnB 

U 8 o Li U U ct 1 

tummrTtmfTRUTmB ^ InfiHBtiBMMi i^mtminuBiamiManiuHsmnrnftnBguiiJimitimiJtii 

8 U U U U n 1 Lru ct 

ItifTUBin] mimmntJraHnBltiltRl (flexural buckling) |nftnBniSniff(auJim twisting (torsion) 1 
miUlSnBfmnmBWBaiBJTnitnBimtnltsl lateral-torsional buckling (LTB) 1 IRHIBUtlU 
Lateral-torsional buckling tflSitflffi lateral bracing BtlSittfTlifbtsB tiiniMMM1u!lJtlIIi3fTlI 
fJSRtilHffiSAGHSloTRUTRlS *1 minrSaiB8THftnBUiJl[Tltlin[lil:BHHMtTmBini3/Erff tl.db ' 1 utsH 

n u ru U U U Liu in q nmcty y c? 

itJtmtnatnBiiSij moment strength m|MmisiBa|u!ia!gmiJtiiHBtnBn^aiiJtiitiit3Himifia 
Q[U1Q1SS[H81 t 3 (lateral support) 1 

Ct U V U Li eJ c? ‘J a 3 hi * -O ~0 Uu 

in|MmtslinfltnBin|l cross-sectional integrity tffifi 1 IlSfltflRiJfl integrity {UMBIUUifiliafTlJ 



ManiUnHmiUMHSmn buckle 1 buckling ffltstfl compression flange buckling iutU 

imUTlffl flange local buckling (FLB) U buckling IBlgmtifniMamuWtBBti llJtlliminltsl web 
local buckle (WLB) 1 tiBUJWtnBnjuntfrBlfititjCm & local buckling 

ItfimHITMHJBti width-thickness ratio 1 

U ct n l 

IS FIGURE 5.9 j 



(a) 
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JUS tf.90 UiJimririgntliraM local and lateral-torsional buckling 1 GHTtntilGitfim 

V in -o e» c* l_i 

laTRTHftnauiiifmalnaTmntiiauBn-fnniJim isiimaa i frnenmtiusn-mntfimufjramtiw 

vJ l_»u in ~o ct Lj O Xj ofc 

mstusti (uJimlnnmmiJim) iuimtnHutitii8fnnT9uaRiuMfiHaintiifiig1iJtij first yield cjus 

e» u dj 1 J V 

tf.mb) yisnma 2 sti 3 TRftnatinHiiJtiiinBTauanuJimaafTiH first yield msHstnsmnmj 

L»U ctct UcSj su •'in V Lj 

IjnaiBlJuiSRMmRtjlMti StiSSEUfilS plastic collapse 1 {UWSmflHIGiSlti&lj plastic collapse 

iai«8nfnauan-fnniJiuBamBtiimm:iJtii8nfnti 4 u 5i Isiimti 4 MrmuniimHHiaiMial 

t-J dj 8 VJ "V* O U TJ <■* 

inmruiiaSHmtiHni itMsnmti 5 rjTHiuamStmaHHanurutiJ (moment gradient) 1 

v u c* V vJ Uct u U Uu v o ' 

iniriBBBtiitnBfTiiRimBiTunuiiIimMiRfnntiiHmaanHiiJtiiTHfmaaisnmaiimHmiaiBnma 

w u l<^uctUuctvJ u vJ 

rnmss mafsiima 1 su 2 uiiinirimnTtfMini:iihmRiBwn[in:TUM 9 mn 1 

invJ in-o U j~i v^>v^>Ue» 

m FIGURE 5.10 



First 

(J yield 

I 

JF# 33 * 



H.a. finmfiglRmMmna (Classification of Shapes) 

AISC OTfiQnfTlfitilfiranllHgmfifjl compact, noncompact U slender HlTWHJBtifitH 
HJfj width-thickness ratios *1 fd[HJU I- Si3 H-shapes ta tUi Gjtl hi [HI U fill U (unstiffened element) 
R bf/2tf IUimtitlIlBjUMtH1U|9Bti (stiffened element) R h/t w 1 IRHIBIRljlB fnJOIfiQlUnfi 
tilRJtIfdH8fnPiiSlRi3 Section B5 of the specification, “Local Buckling” in Table B5.1 1 flSti 

th ! tn a MtatnJB sruattm h *i ufi ram n 

Uu a v u 

A = width-thickness ratio 

A p = upper limit for compact category 

A r = upper limit for noncompact category 

isis rawsra a<a„ tiBffifiiiiJfritjis1sl3Tssl3tjitjfnsjliQ iBWunamBUjmm: compact i 

u y m u- u i v a A 




§ff 
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JTJMBra X p <X<X r imsiunainBtlinnii: uncompact 1 
fTIMBIU /l > X r IBlSIunamBtlinim: slender 1 
BimiHtJinTHinDnw width-thickness ratio JUMHSmmtiWmBRtHBtfiin qffiumm TiJMSra 

c* Liu i m U 

|SSl3tjl compact ItlimwiUtil noncompact IBlSIunatHftnBBlHBIimHglRtil noncompact 1 
fnnti fi.m THitnBtifiTWiifBrTiri AISC Table B5.1 StitflS width-thickness ratio fiiTHHIHSfTlR 

Liu U U i 

hot-rolled I- Sr3 H-shape 1 



snnti Ec.CTl Width-thickness parameters* 



Element 


X 


X 


p 


X 


r 


IS 


US 


IS 


us 


Flange 


b f 


170 


65 


370 


141 


2t f 








o 

1 

lT 




h 


1680 


640 


2550 


970 


Web 


t 


a /fT 










L w 


V y 


v y 


V - v 


V i 



* M"[tnu hot-rolled I- Sh H-shape JttfnJCIfi 



ft. ft. Bending Strength of Compact Shapes 

BHmBtnmtfimfiBgwHHij itrimfimm^tnMBinrninirTiuRfiinBtnmiJitii 

c* v V I' eu fu^'o-o'ci 

1. lateral-torsional buckling (LTB), Solti) elastically tJ inelastically 

2. flange local buckling (FLB), fulfil elastically U inelastically 

3. web local buckling (WLB), fulfil elastically U inelastically 
fUMBfUna|mtiriHHnUIHl (maximum bending stress) fiGtiltiftiSfilHIHILfi 

(proportional limit) tsItClEUttiEU buckling iRfiiSjH failure fSS^JtnSfmUTl^l elastic 1 {IIMSftJ 
HBHmtifB* fltfl inelastic 1 ( MHfHtUfniURTtmtIIflJtlimngi3fBlnl3ftiR tJ.b ItlMtHtlfBB <k 1) 

12 U Li ct ct 

fuHTttltllTfilflJ tfiflutiftntiBIHBnmntfmBHffi compact, noncompact U slender 1 mi 

Ed Ll u U ctct A 7 

WtunUfBlnl3ftimB*HBiRBft71*BHtlITUfn8: (1) hot-rolled I-Bti H-shape fmmcjtlffmSIti 
ftBtiifSfiJusmsImaumsHmfsntii ttfim eta) channels fmmratuHmma raitmisfitiiFifriH 

djctsuOvJ U iJ nj 

shear center UmRlmSSUTUmtiStimUHtlJ 1 ( Shear center tiTCtMsfSlfniHSfrm ftiCUfflHGlUlB 

■v* Liu Li w 11 i 

fSitisRssHTRltnsfTififriH TtiMBfUBHfmafflitiifnBmiiHtm) fiBtiinntnBBim* i-ati h- 

d* Liu Li ct ~t> w 
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Shapes 1 tRHSntnJEUTlHn Hybrid beam (ttiEUfdlH BtiTBBtirawflHlBnWMijnittJSTmg lUlffl 

L J cu U i i n O ct 

mbrij aisc 8*ai3TRftnBimTauaBuaBi3HtiamHm9lBafTiin[mRia* uJimmfiBM F vf stf 

tuUu Urjrjwtu u yj 

F yw ttiEUtil yield strength JUfUfUlH Bl3|9Bi3UJim F y 1 

imtitnuiBHtfiHHJBti compact shape tE3ctJTfi3'tnsncinprtji JuntatEStHTsstimeHfnrrif TJ1S 

n U 1 A L W V Ul Uv 

mtHBlWimilUfintflB ItjimilJtmiincnBfRTHfmi width-thickness ratio mmtRlHfUtHlUfiTlU Bti 

uj- ni -o V Ljtj U U cu 

— < -^L sti — < c siRtii is > — < -j 55 - si) — < -^SL c si mil is > 

2 tf f w ^ " 2t f f w “ 

fUTHIHTRU standard hot-rolled shape ttiEUtpSiltmEffilStSlRti Manual UlStRlJnEURSWlSltf 

Li Li a vt ct 8 3 

tcu tJBiBsinrnfmiriBRTlntitiiiBtuwiuuinin* i luntimmiBBRUinrnRTHifriiiuMwiuiiJi 

V Isy U lJ su i run u U Uu m 

E3BXB2 flTRftnBBlRBIimRtJlRtil compact 1 THEUStUtSHtil compact HJlffiHlS0raSli3tilH U 

TJ L-iy ct a Li ct a Li M 

unbraced length 8 ISIS nominal moment strength, M n til plastic moment capacity ttlCllJHfU 
jdna M p 1 M|HltiHtimJinJHSHlSS[H81l3^tj{tTlS moment resistance (RfWSRElFmtfltlJ 
lateral-torsional buckling strength tuEUHlSEURUJlltil elastic U inelastic 1 

fUtRSSHfH (laterally supported compact beam) tilRmdtStURHRl Si3fUlHETltili3tR 1 



AISC Fl.l cj] nominal strength til 




M n —Mp 


(AISC Equation Fl.l) 


ttitu Mp =F y Z<l.5My 




RtHREUlRtultU 1.5 M y fd|HlH M p 


Rttl Hj HI J CD JH 3 R t ti EUt § R1 It EU fiJ EUH 


BtiTRftnBuinm taltciEuttiEu 

<-nj 




F V Z <1.5F V S H —<1.5 

y y s 





fUTHlH I- Bi3 H-shape tRltittifHHRtSlti tSl§ Z/S tRi3tRRtstili3 1.5tflBB1 (HtSfUTHlH I- SD 

U A U u nj v if- 1 n Li 

H-shape tfntJtBjtlHRJISJIGI 1318 Z/S SHHStuEURtstilti 1 . 5191 ) 



Qffitnmn et.m: GBitfnmtnimBlfttiiwa £.99 tfifutu A36 tufij/nsmnti vh 1 6 x 3 1 1 firsn 

ct Ul -V> ct 1) v U 

nCUSmtmtiHinmtiCUtfrisf continuous lateral support utUfUlUftifT/ffJti^ 7 Service dead 

si n v 11 oj n 



Gff 
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load ff 4501b /ft 1 UBmBJTRftnBtfifimtijBH JlHSTRftnSRfiUmtUUSR^tljmri3GHi;S t l Service 
live load ff 5501b/ ft 1 ffi§BfSS BIS moment strength [ffUffflSmS? 



M FIGURE 5.11 



W D = 450 Ib/ft 
w L ~ 550 Ib/ft 



30'- 



dtnmgTtintU: Sendee dead load OJJU ftfitumuciwjmtsBsmmBff 

U i v & <=* 

w D =450 + 31 = 481 Ib/ft 

NTmuGff9mtm&mjWBttnrtrimiN ffitinttHsmrmmttmBiBinmnjinjtitiijati 

Li c* Li m Li y ci c? ^ 

i 

1 2 
M max =~WL 

fticu w tj/usntuKmsswrimtiim/dnmmfid nnajL tii rmftimti i ts/s 

c#i ct cv Cl Lt Li c? 

\2 



1 .2 0.481x30" 



M £) — — wL~ — 



8 



8 



= 54. 1 l ft - kips 



0.55x30 . 

M i = = 61.88 ft-hps 

8 

ttfltDtmr dead load fffftiJiJlive load §3W3 8 tit! tffliUBfUBff A4-2 BtJBlBfftBGtiTtJIff: 

V ij c* cu 

I 

M u = 1.2M D +1.6M L = 1.2x54.11 + 1.6x61.88 = 164 ft -kips 
mitilmwffi uBnfflBmfmBfimmaiiBB 

eJ -v# U c5» Uy i i 

w u =1.2 Wjj +1.6w^ = 1.2x0.431 + 1.6x0.550 = 1.457 kips/ ft 

.. 1 T 2 1.457x30 2 

M u = — w u L = = 164 ft - kips 

O O 

[ffffffSfff compactness 



7 / 



2 1 



= 6.3 ( P Part 1 of the Manual ) 



f 

65 65 



a/36 



h 640 

— < 



= 10.8 >6.3 ufffSS MlUtfl compact 1 

1 / cu 1 



( fjfffiummuntifslftti Manual ) 

Li U y ct 



ptss VI 7 16x31 til compact fiffB/Uftiff A36 7 
re/iaranrjfffiji compact rwtffBiss[BS/ti 

M n = M p - F y Z x - 36(54.0) = 1944m - kips - 162 ft - kips 



132 



Beams 



IspmstjiBnwmsmsmnntji 



Department of Civil Engineering 



[nnnSnUnJtfflU M p <l.5M y : 

^ = — = 1.15 <1.5 (OK) 

S x 47.2 

(/>bM n = 0.90(l62) = 146/f - kips < 164 ft - kips (NG) 

GtSm: Design moment fffitjltiBUtifmnJl timSSW 16x31 BSfn'UmiS 1 

imsntiimitnnriBRjMunn M p <i.5M y |RitnBiSiginaqgiumm&iait3 msfius 
QltjlQrJfHIU I- St3 H-shape imtimjUHtijSlti 1 



m FIGURE 5.12 




Strength moment JUfj compact shape tflHSUHSSti unbraced length, L b itiEUIJnftnSR 

[thtitiiuHiraifitiunumssrasiti urmnititii iBinaiMtiiniiB* utiinHanjiaissTusitiitiitu “X” 

uUUtiltlllSlRti/Z^ e.O/£n SSlRSStilflti nominal strength M n Sti unbraced length fttftnB 

i 

Utiimsltiti/m? ti.om 1 (UhJSra unbraced length HStitflti L p G H [ti ? ul S H Til J [1111 HI S 9 [H 

sitiinm luim m, , = m„ i tumbiu L h utfiti L„msnt5tiiti m^tfimurn L r isisnmfdtisti 
Climtu inelastic LTB 1 jUhJSTO L b Utflti L r tBlgtlMM^BtiCUmtU elastic LTB 1 



an 
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IRH1tsJRMHfTlJM|]Tlt) theorical elastic lateral-torsional buckling strength iSl nti 
Theory of Elastic Stability (Timoshenko and Gere, 1961) Si3tilH(BfTlJtilihidJSHRMni18§ 

J J x ' w w n m su 

MHmnajinBnagtiBiaiunH: 



n 


EI X GJ + 


f 77 A 

nE 


hi 


y 


\h ) 



o . 

tuCU Lfr = unbraced length 

G = shear modulus =11225MPa U =11200fai MTHimrafatrilltifi 

-VA Li Lj u tn 

J = torsional constant 

C w = warping constant (mm 6 ) 

|iimsraHHl3iSltnnJtt3tU lateral-torsional buckling first yield 

ISIS strength EliinsIlEh inelastic behavior 1 HHi3itiW|InffnSi3 first yield R 

M r = F l S x (AISC Equation FI -7) 

tacu F l tilRIHIlJniRtitiiainnaBininH (F yf -F r ) Sti F yw I IBlfitiMHmilB* yield stress tal 

Ri3mtJ|RjfnSfTlfitJSffilu1ffi F r mafRItifticmsI filth (residual stress) 1 Nfjnu nonhybrid 

member, F yf =F ym =F y tuitll F L IRa!mMBl3 F y - F r <1 mslH8tSjms1nt3^nmSS 

tisfd F l itilffi F y - F r 1 tilEimumm IHJtiMn&JI AISC Equation El-7 til 

M r = ( Fy - F r }S X (AISC Equation F 1 -7) 
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UJWRtitjntiUJnnBlMW F r = 1 Qksi = 69 MPa fdjWd rolled-shapes Bti F r = \ 6 . 5 ksi = \\AMPa 
filTHIU welded built-up shapes 1 tiBUilllTlIBlna/Zr^ El. 90 ft THlitfSJflti elastic behavior Bti 

U A 1 v in v U 

inelastic behavior R unbraced length L r UJUJRIHIUW L r |R!tnSSSCUnfi3HfTlJ 5.3 tSltCItU 

iticu m„ [RJtnstJifi§jiM M r i ifigBwtnBMHmiBitiiffriH: 

L r = , ryXl J l + ^1 +X 2 (F y -F r ) 2 (AISC Equation FI -6) 

v y ~ F r ) v 

t£3tU 



X\ =- 



n EGJA 



S x \ 2 



AC 
X 7 



7 2 



G/ 



(AISC Equation FI -8 and FI -9) 



7 )! V'-" / 

tiBRIimMWlltil inelastic behavior raMBHHnBronnJUMfiWlITltjlti elastic behavior tiiaifflm 

D Gt Q v'te v^> -O 1) 

iraBITUIUHBIlJtlltnBHRrifTlirilMUi (empirical formulas) 1 tfiHmBtiR'lIlRRTHfSfiBRB AISC 

UUvn VA 7 u U'u u 

tnB^JItSMHRlIBiaitfTlH: 



=M „ - AT „ -Af 



i? 



Lb Lp 
L r —Lpj 



UJtU L n = 



790 r v 



(SIR IS) 






300r v 



( 5.4) 



( SIR US ) (AISC Equation FI -4) 



No mi nal bending strength JtJfj compact beam |RjfnStJRinilu1tIJfi3HfflJ 5.3 Si3 5.4 Ji3Sf 



upper limit M p M|jnu inelastic beam pMBIUHHtillJtllHBiRngJimiMlii} unbraced length 
L b 1 JUWBItJtiBIBIMB flHIS moment gradient ttiimfbHfm 5.3 Bi3 5.4 fRjtnBfRMfHHJ 
itflHJIHfiim C b 1 IHRHmB8|RftnB9jUJltDAISCF1.2 RtiBUlti 

C h = 1.2.5Af max (AISC Equation pi-3) 

2.5M max +3M A +4M 5 +3M c 

loCU M max = RtHulBSlRJ iJ fd H H 13 H R II J BTi Si n 11 unbraced length (including the end points) 
Ma= RIHtlTCSIRrarjHHliiSiQanijHffifnRilStS unbraced length 

FA tu y 1 U U 0 

M R = RtHtlTCSIRrarjHHlilSiQanijmRRtUllflJtS unbraced length 

EU V 1 O 0 

M r = RtHlJlBSriRIUMHHtilBiBimtiUfnRUBIB unbraced length 

A- OJ V 1 U 0 



iBlintUHHtinRnTiiimiM rib c h imsii 

1/ l_i v/t> eu L/ *j\> 



Gff 
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Cu = 



12.5 M 

2.5M + 3M+4M + 3M 



1.0 



qmuMifi d.iZ: rtaim c h cUjmunMsmeuwmrsusrwri^micutiwmtnstimisumtiisisitiGti 

U Lj ct Li m Lj & Lj jj / 

mams y 

1 run 

dm/nsranar: trnmmmuriammms uutiHfimmmmsIfianmtnjti tJmss 

U a l U v *-v n c? y 

1 2 

M ma x =M B = ~ wLr 

usm tmmrnmunan:mwjs HHmsiGO/iGHmmfimmHHmslGa/iGUfriFfus i //ras &!.9Cs 

v <=* a / u v i v v i v v 



M A =M C = 



Cu — 



wL 


f L > 


wL 


fl) 


wL2 


wLr 


2 


U/ 


4 


UJ 


8 


32 



= A wL 2 



12.5 M r 



12.5(1/8) 



2.5M max + 3 M a + 4 M b + 3 M c 2.5(1/ 8) + 3(3/32) + 4(1/8) + 3(3/32) 



= 1.14 



swm:Ch = 1.14 



m FIGURE 5.14 



w 



t ’r 1 2 1 + 1 + ’ 


- ' 7 TTTTTTT~' 


^ A 

( C /4 t 


B C £ 

C/4 


L/2 


L 

>- 






wL/4 



QHDp 



M 



wL/2 

/^^.^utnninmHrarj c h M|HitiRjmKH?ritjinQstsfTiJt3ifitJSR stisrasiin 

fJTHltf unbraced cantilever beams, AISC RtlllfimH C,, =1.0 1 HIH 1.0 til b ra n h 

Lj iu Lf cu cu v 

atfiffiHsBfinnuntirafjtm stifnitfimism msnliRjnbgilitjimmtituRmHSissi miRtuisi 

V ct <2jinc* cu cu v 

S1t3ff£ihs nominal moment strength frJ^HntJ compact shapes 
M|Hlli L b < L p , 



M n - M p <1.5 M y 



(AISC Equation FI- 1) 
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fjjjmu L < L b < L r . 



M n C b 



L > L r 



Mp -( Mp -M r 



Lb L p 
. L >' ~ L P J 



M n M C r — M p 



itiEU M nr = Cu — 



M 

C b s x x jV2 



ElyGj 



/ \ 2 

' nE^ 



J 



I C 

1 y'-'w 



<M p ( AISC Equation FI -2) 

(AISC Equation FI -12) 
(AISC Equation FI -13) 



L b> r y \ 



X-2 

ih'ryf 



fiiHitii X\ sia a 2 TRitnBnimnnHaiuimTRftnBnmtiimnaigintJ dimensions and 

EU L»U l L»U ct 

properties tables in the Manual 1 



li FIGURE 5.15 



H H H H \ 



TTTfT;rm 





L b =L 






L b = L/2 


1 Cb = 1.14 




C b = 1.30* 



(a) 



(b) 



an 







Lb =L 
C b = 1.32 





L b = L/2 
C fc = 1.67 



(c) 



Mi 




A /2 — Af j 




L b — L 
C b = 2.27 


£ 




(e) 


M 




L fr =L 
C„ = 1.67 


/ 




(g) 
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AB and CD : C b - 1.67 
BC: C b = 1.00 

(f) 
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fignUJJTJM C b IfflttB nominal strength [hj 5><7l ISlSUtil strength 

MimntHuJimtiitijiglBa c b mtfim m[mnms§tnsuaimtiht3Qjirjnrmnrjmsrarj upper limit 
m p i^mHannnimi:MmBiuMMHmrfiJnitHii|SM|jnn M n i 



qmwm &(Z: finnif design strength (j) b M n M[fflUW\4*6% JUffltitl A242 fatU: 

ff. 

8 . unbraced length = 20 ft , C b = 1.0 
ff. unbraced length = 20 ft , C b =1.75 




dtnmijnntn: 

ff. ff Part 1 of the Manual ,W14 x 68 ffdJff fSlfftf shape group 2 , utsiSSflffltstTIS yield stress 

i 

Fy = SOksi . nantftfntnuntitBStil compact, noncompact U slender 7 



* f_ 

2t f 



= 7.0 < 



65 

a/50 



mntJTBSff compact ufffSS 

V r V 

M n =M p = F y Z x = 50(1 15) = 5750 in. - kips = 419.2 ft - kips 

mStn: </> b M n = 0.9(479.2) =431 ft- kips 
8. L b = 20 ft sti c b =1.0 r ffnnm L p sti L r : 
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L P = 



300 r y _ 300x2.46 
V50 



= 104.4m. = 8.1ft 



H torsion properties tables in Part 1 of the Manual , 

J = 3.02m 4 Sit C w = 5380 in 6 

tffisutil X | Sit X 2 fn! WStJjUtiimnStSffiif dimensions and properties table in part 1 of 
the Manual imitsitniwsilrismsudfmmitm 

Lj in -\r 



Xl=~ 



n 



Xi=4 



X 

c, 



EGJA _ n 
2 _ 103 M 



29000(1 1200X3.02)(20) 



f 5, 



GJ 



= 4 



y V ' 2 



5380 

121 



2 

103 



3021 ksi 



A 



11200x3.02 



= 0.001649fcsi 



-2 



L, = 



r y X i 






l + Jl+Z 2 (F y -F r r 



= V 1 + V 1 + 0-001649(50 - 10) 2 = 316.8m = 26.40/t 

UfmJtdli L p < L b < L r strength hill It LU inelastic LTB Sit 



M , 



= (F y - F r )S X = (5 ° j^ 103 ) = 343.3 ft - kips 



M n = Q 



m p -(m p -m, 



Lb Lp 
L r - L p j 



1.0 



479.2 -(479.2 -343.3 



20-8.7 



26.4-8.7, 

£r/W/ </> b M n = 0.90(392.4) = 353// - 

ff. L b = 20 ft Si3 C /3 =1.75 y Design strength NJfflU C b =1.75 1.75 tiitfS Design 

strength fJtfflU C b =1.0 7 u&fSS 

M n =1.75(392.4) = 686.7 ft-kips>M p =419 2 ft -kips 
Nominal strength ffSff/GGlflit M p , uGtSStfp nominal strength M n = 479.2 ft -kips 

mum: <j> b M n = 0.90(479.2) = 43 i/t - 



Part 4 of the Manual of Steel Construction, “Beam and Girder Design,” 
tillpBMtjnuJfnn Si3?mnS1§H 1 tiiqmumm Load Factor Design Selection Table nmafiunia 

ttff 139 



T.Chhay 




HUTi1sjici3rafjiuiafiBci5 



NPIC 



iiJtm|utiigiBlMUnu|H itinJtnftnBnjmjirinJiuiB z x *\ itfirauii m p = F y z x jtintiR|nltns 

IljUtfitfitflUlB design moment foM p 1 

ttJcumms l„ sti L r i 

u y ' ctu u^ji^Uct 



Plastic Analysis 

ISlRtimnlltillTtiS HHtilHfitUlHmJiHI M .. St3T?l!tnSSSCUn elastic structural analysis 

c* Lj y 1 lA L»u u J 

itntiniytJSmHiitUl *] IfmHnJRSnJltiJlfjnriM nMMiaitICUQitnQ (required strength) fdftfimtsSl 
MHSttlnJHSmijRnaRitllffihJigQ (statically inderteminate structure) {jnftnSimtflffiI{p plastic 
analysis 1 AISC HSnTmBjlftJ plastic analysis {UMSraJTJnti compact StiftJMSra 



L b - L P d 



tBtU L pd = 



24800 + 15200 (M 1 /M2) 



( 81 H SI ) (AISC Equation F 1 - 1 7) 



Ml = unbraced segment 

M 2 - HHtitantfttilfiffiltfrnmHHHto unbraced segment 

titmnln M, /Mo ‘JtitnaiaiintllllJUIHHtiuiSn reverse curvature ISlfiti unbraced 
segment 1 IBiKIHlIB* L b til unbraced length failure 

mechanism 1 tha{UfiJSnnEitfU plastic analysis, nominal moment strength M n luCUlSitjTOSD 

MmntsiaiTrnmiiJWHaiaiimiMmntnMtiTHitnaHimmfnHlSiJtimMTHiunHiiJtifJmmiJimlGiH 

cu 1 U e-J nj eu di Liu u 06 Li ot 

sjiwts luirafitHilHHtifiua m p i 



tc.e). Bending Strength of Noncompact Shapes 

tiijfnJR?ii3[ininHS standard W-, M-, Sl3 S-shapes fnmpBtil compact Mfjnti F y = 

250 MPa Svi F v =350 MPa 1 GSsBtifiGin [UTl ° thl n o n co in pact iulffifiTIJ width-thickness ratio 

y u u i cvn 1 

JUMWITJ mamBinnaHtmuntil slender IS *1 UJimwiIHUIlUinmaia* AISC Specification ISIS 

£U 1 Cl V* V t) V 1 A 

{fiTIffi noncompact Shi slender flexural member iSl nh^UfiiHS (Appendix F) 1 iSl nhifiijlifii 
ISi IffiDSDntBJtUTl slender flexural member ISiR^BflRS^O 1 

•=* u 
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tilStSl gHHlBtnmtfim lateral-torsional buckling, flange local buckling U web local 
buckling 1 tJ inelastic range 1 |9Bi3IUM|nU 

rolled shapes ISlflfl Manual til compact yt51S° noncompact shapes til|UtnSUSh3|iHthRfrJlS 
fflCIfitUlfi (limit states) IS lateral-torsional buckling Sfl flange local buckling 1 UfdftJvIttJElJfSiJ 



BaimBmnnimnmtjriiTHftnBHimm tuimtfimRfitHuJtiJfiBtiitiifi i n aisc Appendix f tiinra 

Lm eu v A A u 



A = - 



2t , 



fiirnsra A p < A< A r , ISlShriUtil noncompact llfltfl buckling til inelastic IffitiStiSSEUtilS 



M p iff p M r i 



A — Ap 
A r — Ap j 



(AISC Equation A-Fl-3) 



Ititll A p =^L (fd^nUIS) A p =-j= ( fdlHlti US ) 

4 F y i F y 



. 370 

'V ~ i 

V F y- F r 



( rd^HlU IS ) A r = 
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4 p y~ F r 



( rd^Hiu us > 



M r =(F y -F r )s x 

F r = Ra|flll3ltinnBllMMMtii = = lOfcs/' rd|H!U rolled shapes ( Hfliss^ftns 

RhhRW‘[H'lt) nonhybrid beam) 



qmuimri Bf.e): svamtmvsnvtnmBmiii 40 feet \ fifmssusitffslsimwuejfi twtnfvtfsf 

service load u&Sli3f[fnu: 

Dead load = 4001b / ft ( ftilffiffiUtfKlfffltf&ffS&ff) 

u u If. ts ct 

Live load = 1000 lb / ft 

[U£USfUWf[U AISC A5 72 Grade 50 tS \U14x90 [ffUtfnSUfffi? 

foamsTfintn: uamman 

U eh I VI 



w u =1.2 wj) +1.6 wp = 1.2(0.40) + 1.6(1.00) = 2.08 kips I ft 
M u =^vt-,L 2 = 2 ' 08 ^ 40 ^ = 416.0 ft - kips 
nantttunammnijffsmtt ( ifltEitjl compact, noncompact U slender). 
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fuitii a„ < a < a,, uSissmntiissB noncompact i tnnnsnjmsmnrsrstiiummjnmcwsmn 

y ' v v 1 t-'v zJ c? Lj Lj 

Of f 

n llflnl tied flange local buckling 



Design strength ttiWmmsIlWFLB pISS 
</>bM n = 0.9(640.5)= 576 ft-kips 

Ipnsfijwsmnisisfikwwimmismnfimifiium lateral-torsional buckling in Load 
Factor Design Selection Table : 

L p = 15 ft Sti L r - 38.4/f 

L h = 40// > L r 

udisgfistimmuimHgnmLTB i 

V vJ & 

H Part 1 of the Manual, 

I y = 362//7 4 

/ =4.06//7 4 
C w = 16000//7 6 

[drtnmBsrminBmrsusnnrinwtMtflBmstismsititsiflitibLiMWti 

Lj ct Lj tn Li cb Li ^ V Li 13 

l 

C h =1.14 

A I SC Equation Fl-13 flj 



M p = F y Z x = 50 f 2 57 ) = 654.2 ft - kips 

M r = {F y - F r )s x = (50 - IQ)— = 476.7/f - kips 




i 



10.2- 9.19/ 

22.3- 9.19 j 



= 640.5 ft-kips 
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= 1.14 



n 

40(12) 



29000(362)(ll200X4.06) + 



f ft x 29000 
, 40x12 



) 



(362)(l6000) 



= 1.14(5412) = 6180m. -kips = 515.0 ft -kips 
M p =654.2 ft -kips > 515.0 ft - kips 

tulUJtilU 5 1 5.0 < 640.5 tifStSSLTB SOU tWtU 

V / 

</>bM n = (0.90)515.0 = 464 ft -kips > M u = 41 6 ft - kips (OK), 

GtSm: fulffi M u < <j) b M n rsjgjffffflff moment strength pUplS 1 



WRimrnimniUM noncompact shapes [RJtnSfillHtUtulElI Load Factor Design Selection 
Table 1 Noncompact shapes ■[?! f tfl S f4 tin eI erJ ?TI ETJt tTl tlJ footnote till U DlStil noncompact £J[H1U 
F y = 250 MPa = 36 ksi U F y = 350 MPa = 50 ksi 1 Noncompact shapes 

a 1 su c* v U 

1. M|jnu noncompact shapes RtHUJminBIBlRtifl'irHaiTJM <j> b M p 

IUW design strength UJUKUmW flange local buckling 1 1 Si ntigSltTIJ CIDS BS.e) 

imtitnB mmmfiiHiaMMBti 576# - kips u!aniHTRHTniialRainna4M„ r 

nj u 1 in nj Li Liu ct r U fJ 



0.90(654.2) = 589 ft -kips 

2. RtH L p IBlRtiflintitilRIHJTJM unbraced length ttJCU nominal strength luEUEUli ttU 

oice o . *=»> 

inelastic lateral torsional buckling thJSo nominal strength tutUfllintU flange local 
buckling titslSi nominal strength hJjTTIU unbraced length HRUJHlHlGjlnltnS 



RRtilWMMtitannnW web local buckling 1 (IWRtil L p Mflnu compact shapes 
til unbraced length HRtl JHltuEU nominal strength HlQ[RJtnSRRIhJSr3 plastic 
moment) 1 M^nmuni3IBiRl3E|giUlI[intlS.e) mJHCUlSl nominal strength UJnimmiS 
FLB IfflHMMtillJtlinDnW inelastic LTB (AISC Equation Fl-2) tilHffiSti 

c b =1.0 : 



^ n M p 




(5.5) 



gif 
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mmufj M r sti l,, TRJtnssscungmuunli g.e> luimaaHgrnftnBtiiMnn tils 

tu f r L/u u Liuiunin 

RtHJUM L p |Rlt?1tnSfi[UlSinAISC Equation Fl-4: 




fiBMniHSiaiwnaMHmi 5.5 tmtasscutns 





HIBItHMUnU noncompact shapes “1 JUWBItJIBimnB* WBfinjtaBBtlJtnBIBlfiti 
MHmiM|jnU inelastic LTB ^tU{RftnSt|pi;s1tntU L h HSH1SRiHi3]tiU]jnS tS1§ 
nwMtsuJwnnntij flb sticun i 



Cc.fi. Summary of Moment Strength 

lKfiB[jdRi3fnJEi[lJlS1 nominal moment strength frJ‘[HTLj I- Si3 H-shaped sections U3tU 

imaintuaaHm x BarnftnBMiauialBiBs i HtjmaHM?iJtiiinBiBiRi 3 MHfniBitinfnHTRftnB 

U O Utj 8 m ct u Lju 

ncuiFiJijrmmnHs luimitusMHmiiuM aisc HSTfiftnsuttirmsIsissis i 

u l Lm in ^ 

compact shapes Si3 noncompact shapes iRHifUTIo ( BSH1SfH[HlH 

slender shapes IS) 1 

1. ntUIFitaltBjtJnla compact UHfi 

2. IJIMBIUIuna compact, [R RnSSljrd [HI U lateral-torsional buckling tiB8Uai{fnH: 



JUWBIU L b < L p flHStHBLTB WltH M n = M p 
[HMSra L p <L b < L r , flHlS inelastic FTB ilfltlJ 




tJJMBItJ L b > b r . flHlS elastic FTB WltU 
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My, ~ Cl 



n 

h)j 



ElyGj 



f 

7lE 



) 



lyC W <M p 



3. |!JMSrajUnti noncompact ttfimAmwiTJ. |3Bi3 ISIS nominal strength afttfl 

flange local buckling, web local buckling Bi3 

lateral-torsional buckling 1 
R. Flange local buckling: 

ftJWSTO A < A p flHSHIS FLB 1 

IjJhlSttJ A p <A< A r hJIUtjl noncompact, 1111111 






(* 



A- A, 



A r -A p j 



< M , 



3. Web local buckling: 

|tJMSra A<A p flBSHlS WLB 1 

ftJMSTO A p <A< A r noncompact, ttfim 



M n =Mp-(M p -M l 



A-A r 



A r -A p j 



< M . 



R. Lateral-torsional buckling: 

ftlMSTO L h < L p flHSHlS LTB 1 

tJJMBItJ L p < L b < L r , fltTlB inelastic LTB Until 



M n C b 



M p {m p M r j 



Lu-L r 



L r Lp 



< M , 



IjJMSra L b >b r , flHlS elastic LTB Wltl! 



M„ = Cu 



n 



ElyGj 



( J-A 2 

uE 



{L b J 



lyC W <M p 



g.tf. HMMl3fiB1t3fnrig9t3 (Shear Strength) 

UMMl3RH1l3R1RrarjRHTR!iRTRtjTRlS^HimnniSS1RSSl3 

l n eu ct Liu U U w -o 

V <6 V 

r u — rv r n 



gif 
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tticu v„ = RHnamHBBaHRniiniiJtiitiitnBrifniuainamHRimntiiaiH 

*-* tu O dj i 

<t> v = iHnniinMMtiM|HiuRHiafnHBBi3 = 0.9 



V n = nominal shear strength. 



ninj[imGHrijiHmtslRt3/£r^^.^i taltsHira x nBTHsraiatiatiMmBliWHRinjinmM 

ctmctz/ tx Uc»o. O 

HBfrifi tmBmnraMRaTmarnftnatiiJiiTiialna/cr^’^^/fd 1 ii?imtmimma*Mma1iWHm 

10. 1 U Lry U 1 -o c* V ] o- O 

dim flHBJtiBifitiTtniiriRig 1 fi elementary mechanics of materials. Ri3T?fll3RH1l3mfiSSi3 

V 1 Lj j 1 U iu 



(shearing stess) R 



fv = 



VQ 

lb 



(5.6) 



ti FIGURE 5.17 




tficu f v = RtitmtifimtimnBBtiumji satSnisl^QajiQlSnjtmantrirarn 

v = nHiamRsst3umTnslTfiaH8fnmStijntrirarn 

IU EUJ U 1 

0 = HHtirnariitiBHmintuHmimH TfuacEmtitiSnintmnjnBUttinsititcmTttinsitiTTmH 

rarjHSfrm 

1 
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i = HHiaatiwmninjuaaHRjimH 
b = BaaraMHsmHialBimtiiiJtiiritJiinjn 

i i 

MHfnj 5.6 nnDnwmiMafltSiRartnainBKtHitsnnrnitiiBBa b tiBiBsfttitijfitHWTRfi 

^ l Li eu v n eu i U 

WTHIulfi b mBfilHflBl MTHIUHSRIfiBRimimiRtitaHIBRHM d StiSSti b RtHtifrHfti 

U eu v Li i i n eii U 

MUnn d/b-2 fiftnuiw 3% i Mjjnu d/b = l mncumj^H 12% stifdjinu dib = \iA 
RlHtmHjtifi 100% (Higdon, Ohlsen, and Stiles, 1960) 1 M|H1UHtmuifiIB* fdHfTlJ 5.6 HS 
mBHsJRtnsrdTHiurmurarj w-shape tiBRiMnnmgBtiJTJMfi i 

in Ueu 1 d ct u u i 




/£T^fi(5>z/ut3imnrrirnTt3imm3Tfnt3RHit3mfirdTHiu w-shape i fsifliBtiinarsnaHBTH 

V in -o U i U eu U A \J lUU 

v / A w itJtimTaimialnargaa iuimmHia 8 Ha 8 MmfiRaTsni 3 H!iminia 1 ni 3 T 9 Bi 3 iiBaigi it 3 a 
immQTlfjttRratri TSStiSia yield mtimiHaatiMlUBinitlH yield 1 1 tHffifiTiranniSS yielding 
raMtgBtiMIlJaaJftnBmriWHRnimRHm ^ ttflfflmR shear yield stress 1MS13 60% 13 tensile 

Li l 1) <n. u J ~t> 

yield stress It5i3H1BMnMIMHmiM|H1URti|Rii3ialRi3igB43iaiintlItnRtil 

/v=y L = 0 . 60 F > , 

A w 

tfiCU A w = |R9J1ttiH3mRIUMl9a43 *1 ytilSS nominal strength lJ3nJ|RlRlSi3hTISfrinR[lilfilSiR 
V n =0.6 F y A w 

ItfimflinBtil nominal strength in shear fUMSttJjgalJHSBia shear buckling 1 JUWBIUfllRfi 

width-thickness ratio h/t w ItIM|93tJ *1 taEUtBjtl h/t w IUM|9ai3 
IlJtlITtmfaiainaRIHBIiniM ISISTSStiHIGSti buckle in shear UJltB inelastic TJ elastic 1 SS1RS 

Li EU EU Li l M 

Si3Jfli3 shear strength Si3 width-thickness ration H1SOJRnh:]fi31tjji3R1Si3SS1RSSi3J!li3 flexural 



Gff 
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strength St3 width-thickness ratio ( fd[HTd FLB U WLB) StSJflA flexural strength Si3 
unbraced length ( filTHlF LTB) 1 SS1i1SSflT?i!tfl31fmslRfl/^^.^SflT?i!tnS§ns1m3 AISC 
F2.2 

Ntjnu h/t w <418/^” (MljnUUS). h/t w < 1100 / (HflnUIS) 
[ssflmsflijjfnn 

V n = 0.6 F y A w (AISC Equation F2-1) 

Mljnu 41S/ <h/t w <523/ (fd|H1UUS), 1100 /^<h/t w <1375 / Jfy 
(MljnUIS) ISIS inelastic web buckling HlBBtilfimaJti 

418/ /fT , 1100/. /fT 

V„ = 0.6 F V A W ( fJTH'ltl US ) V„ = 0.6 F V A W ( filTHlU IS ) 

- v H h/t w L - v M hlt w L 

(AISC Equation F2-1) 

Mftnu 523/ JFy <h/t w <260 (MfjnUUS). 1375/ <h/ t w <260 (MJinUIS) 
1318 hJlSfnnRhllfiEi elastic web buckling 

V w = 1320QQ ^ h ’ ( MTH1U US ) V n = 91 ° Ah ; ( MTHIU IS ) (AISC Equation 

{h/t w Y {h/tj 2 

F2-1) 

ItitlJ A w = |R9]lttiH3fnHIUMt9Bi3 = dt w ( mm 2 ) 

d = nHrjrdrararjGH 

n i ct 

V n = nominal strength ( Bfifll KN ) 

tJJMBItJ h/t w > 260 IBMfifltfmi web stiffener ItflmfltHftnBmffllHJIBlfiti Appendix 
F2 ( fl Appendix G fdjATj plate girder ) 1 

AISC Equation F2-3 flflUntU elastic stability theory, iUlUJ Equation F2-2 tjlfdHfTIJ 
ItlWfnsnmjntfiJlflfiJTHltjBtJS inelastic ItJWtiWBfmililMUnfliawiBfTiriniinH web yielding 

U nueuno- jo 

Si3 elastic web buckling 1 

RHiafnHtilUmillJtlIRTHmnBIBMTHin rolled steel beams mmsffiSISlBuSWmnflSl 

m in u u i n v 

GHfdTHlU flexural ItflffilffiflSflTflflnSflTHgfflflltltUSStUfnsriJTHltjRHlflfriflSSfl 1 

c* Li Liu U 1 u Li m 
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m FIGURE 5.19 V 




1100,, 1375 



w y w y 



Qffiwmcf.ri: mnnsnmBtsIntiBmuim mBimBitimnssti i 

~ Lnj tJ ct ct ' Li tv 

fimrmirmm: ngmuim tf.fr w u =2.osokips/ ft sti l = 40 ft y fan wu x90 tfwtnsti 
f v = 50 ksi rnfmstm i MrmmBsrBfm&mrsusnnrWffim BBitimnmutBimnBisfsl 

y Ljjj Li Li c* Lj cn Li c* Li ^ tv 

mSJB fWBJffiJStiBBltffBfiBB 

Li v/* tv Li >■'* 

T/ w u L 2.080(40) ..... 

V u = ~Y~ = Y — - = 41.6 kips 

H dimensions and properties tables in Part 1 of the Manual, web width-thickness ratio flffd 



W14x90 n 
h 



= 25.9 



t 



w 

418 



418 

V50 



= 59.11 



fulffitm h/t w <418/ JF y tmsUMMti[niW 3 jnUintiiuim shear yielding fBfiffiSti 



V n = 0 . 6 F y A w = 0 . 6 F y {dt w ) = 0.6(50X14.02X0.44) = 185. lkips 
</> v V n = 0.90(l85.l) = \ 61 kips > Al. 6 kips (OK) 

GWm: Shear design strength ntfltinBltihiniBnlin timssnBBlSEUmUT.jBBJBlS 7 

tU iy IV a U U 



§3 
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me (/) v V n Istu^ftnsujutiisnnmslna factored uniform load table ISlnh part 4 of 
the Manual flBB8mraniimraMflHaina|UiraitiBMljnU standard hot-rolled shapes 1 

Block Shear 

Block shear iiJwtnanmi[ijnMTHiuH[miBlni3Hi3Hitifni9i[Ti RHiBinnHisisImamifiS 

Lj ct n ~o ct Li 

So lUMHimialniaBHiiJn iBHTMTHtiinafTiiHfnunBHHmiBiBHHmiBtH uJitu^Talnmisiatw 

OJ ct ct E*J Uu ct M-cty ct u |J |J V IU 

IMtTl imsraifaSsraMimUBiaiWIUMBHHmTRilnrnmtilTl 11 coped 1 rawsra coped beam 

vt> ct Li (u m c* u Lru -vj m A Li 1 

TRftnBnmnii^mnBTaiJBna/cr^’^^ORimn abc amwimann uBmiJtiiHBiniaIntimnji 

L»u u* u vJ v <=* z/ -odj i n c* 

iBJBatiirunRHutnTiiuMBH iJBiBsmnafnnaaiRnialsnHisi ab itiimsmRRHisnHihs'ini 

U euJ <=* v ni O eu -o 

fflHBC 1 titslSi block shear strength BtitftfitHUJwnimmuwnjnfiH 1 

itnatnBWtununmiRimBi block shear strength islRhtfnRsmiaitntii maimaaaiwn 

U 0 c* v v l n 

IllSJhlnilSlSlSi *1 mitflfiHlBlfim^tiltfrmUBjtS shear yielding sh tendion fracture tJltfim 
shear fracture Si3 tension yielding 1 AISC J4.3, “Block Shear Rupture Strength,” §JfdHfTIJ 
niM|jnU block shear design strength: 

</>R n = ^[0.6 F y A gv + F u A nt J (AISC Equation J4.3a) 

<f>R n = <zS[0.6 F u A nv + F y A gt J (AISC Equation J4.3b) 

loth (j) = 0.75 

A gv = gross area IhRHIhfTlR Bf.tJO {Ullh AB R[lflShR{Hirj{SSt3) 

A„ v = net area JhRHlhfflfi 

A gt = gross area JhRHlhSini ( tf.lOO JTJtfti BC RnflShR{HirdLSSt3) 

A„, = net area ItimritiBim 

III EU "Si 

fdEmJlJltUHlSnJSlatURljlhRtjlMHmJltitliHlSR fracture BtiltJ ^ 
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U FIGURE 5.20 




qmtmnfi tc.cf: nnnnmBrmtmnfmBmm ftJanwnaj block shear few mmativtimirimfiis 

* Lj J {_/ ct JJ in -\t ct 

ras g.ta® *i 

V 

tJuimgfemm: fftiBBttmmntimajgfnnB 3 / 4 + 1 / 8 = 7 / 8m. i 

U n & U U e? 

gross 3ti net shear areas fi 



A = (2 + 3 + 3 + 3 )t w = 1 1(0.300) = 3.300m/ 



A = 
^nv 



f 7 \ 

11-3. 5x — 
v 8 



(0.300) = 2.381m. 



gross SiJ net tension areas ti 

A gt = 1.25f w =1.25(0.300) = 0.375m. 2 

1.25 - 0.5 x ^1(0.300) = 0.2438m. 



Ait 



AISC Equation J4.3a cjf 



<f>R n = </>^.6F y A gv +F u A nt \ = 0J5[0.6(36\3.3)+5S(0.243S)] = 64.lkips 



AISC Equation J4.3b cjj 

<fR n =40.6F B A„ v +F y A gf J=0.75[0.6(58X2.38l)+ 36(0.3750)] = 72.3fa>s 
ff fracture tBlffil AISC Equation J4.3b fflBtlffidtiTti (ttf[U 82.86> 14.14 ) ublSSnJ ffrTIffSS 

msm&titjitf i 

eu 

fswtu: mBnmmanffBmmttjwmnnj block shear -72. 3 kips y 

tu Lj yj* j 1 



Gff 
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M FIGURE 5.21 



PA" 




BG8 x 35 
A36 steel 
3 A -in.-diam. bolts 



d.d. fTWtfm (Deflection) 

UIBHrilWMiHfnn ITRfatriSTRilR serviceable 1 imfatristatnB serviceable tfiuRiia 

o. l o. U U n Lry U U m u u 

i i 

trijuJtmnmitnBtu HauninniSlTHmiJnnraTtnM^HiBHiiH[mtsifimBMiHfTin , i mthiugh uJht 

m c? H o^Jct Ll Ll •-* vb 1 C\. Ll c* EJ 

gstutns serviceable intninHilHUtlTlMBUmTI Ufiintfltn RintfiUBtfigtBllRRHIBBim* flexible 

u L ru fuJ V 

beam itiwmaHisumifriHmsflJCTij 1 mni^Uint3Ui3Ut7Tlig1lJtliHl3HlJlBigtn!lJtlIfTlU IfflBtifl 

in jj -v) n in nUw- 

i^imutuntu^THisRuiQTSflrmmflQ i icufjntss HmmTtnMMtuiflsflimnifnn HltfHisttfitBfmi 

r>jJ u U U V ctUU ~o LJ- 

mntfiuB itiiminrniMBiJiBSMfiiMimtimBMfHfTin i 

C? d 1 1 

MTH1URI[mBIBilUMnH9THtmHCTl!lJtlIT9UBnnTiJimiMlJBn/£r^’fi ! :^7A7fTiniJlUUmTI 

U v ctU m U <2j Li y cxy EUJ 

HRUItriR: 

. 5 wL 4 

A = 

384 El 

imntsiRtnBiuHBfnniJiuMTHiunHiraBTuinB BtiniRSirntfiRUBRiBlRia Part 4, “Beam 

V 60 Li os Li Li 8aejct 

and Girder Design, ”of the Manual 1 hl^U^S3TinHSt5HffllRH1Qt|U standard analytical 
method titJtjl method of virtual work tjTEuB 1 ffinulUtjl serviceability limit state HStHStfl 
MlBfnnnimRMTHlUIIMtiHaiB tiBISMfiBlBlmntfiUTRiWBRimRtjlHHJ service loads 1 

«>• Lj i n V V Lru u 

RiiRimRfiMHiHTMTHinfTiriiJiuHRUiininTMmiBiBaRBigiuMnH sflfnnuHithinfnn 

U Li Li w ct Li 

SBmRftitmRfinrnritfra 1 AISC Specification tiWBfRlIIimBnRBRBIlJtllHIBItiaiBlRa Chapter 

v 1 n v u c* 1 

L, “Serviceability Design Consideration,” tallRfRJlRfRRnSfijmntflU *1 IRHIBIRtnBRURnJlR 
fitilHIHJMtjnUfnniJlUn governing building code 1 RIH81t3I|fnHl^mniJlUHB[TnRHRUIin 
fJJt) (service dead load TJRSA service live load) 1 

1 V 
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Plastered construction: 

360 



Unplastered floor construction: 
Unplastered roof construction: 



L 

240 

L 

180 



ttitu l tfipiltittyti i 



19 HGURE 5.22 




5 wL 4 
384 El 



tntdgstROTtnQtmmtRtiiififnnEJiutiimHttiJS tjitifflnmfrintiTOtjimHTtJfriti i tntuss 

(U U cu Li cu Li cu 

mjRnPti|ti!^sBtii3tmifnntiimtitUflniTltUtfin live load, ttilffififlJtfltfJffiO dead load 
deflection ffiftnsmjmJRtitntUfiritifdti 1 



QffMMifitc.d: Ulotn i fnnuiuffBmwmm 

Liu eJ ct in -\j <=* v l 

Hsnmti — 

' ® 240 

dttimirtmtn: fnntiwHBmuifjmHsmm = — = 9 - H)() = 38 mm 
L ' ' ® 240 240 

Total sen’ice load =7.3 + 8 = 15.3 kN I m 



Maximum total deflection = 



5 wU 



384 El 

Gwca: fsmhnmamsanfrmtim 



5x15.3x9100 
384x2-10 5 x212 10 6 



= 32.2 mm < 38 mm ( OK) 



« FIGURE 5.23 



W D = 7.3kN/m 
W L = 8.0kN/m 



f I H 



V V 



W460 x 0.51 




9.1m 



gtr 
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Ponding *i fiirmstsiRutiHMTHiu 

mnsRTHitu8[uinmMmijm§|9mfifi3t3fii ruSsmrunsuarsRrdSRaHeTmntijmtasHsmrj 
sr ^mSmwR{HitiJt|§jR[HitiJEJiu !tJnifiuiSntnB^HiaM|jnuMRBRRia!mipB ^ 
IjJMSraRitlP IBMfimajtifintUJUElIJI IBlM^tiUlijHIBBtitflR *1 AISC specificationfi{Hftri{UnS 

I 

finni|HiininBmma|mm|nn|mBiBi5|Riimi ponding, iwAiniB* finjunuciRiinimRHHti 
SGCURin SRtflnrafRtitSiSjRiSlRR Section K2, “Ponding” 1 



£.90. fmRIUimH8fTlfi (Design) 

RijR[disiH8RiRRHRTHfRinrBri3nri3rant3H8RimE3ciJHisu^riJi3TRUTRis Btiuinm 

1 ct Liu Li V 1 1 Cl Li U 'O 

RTHfRIi serviceability 1 tSltCltmt5i3RKCitIMM6 flexure IfitflfiHIStTRIStftmfltiRHItiRlfi tiG 

Utj j in Li c* nj y 

IBSRIIHgiHBIfflmRHimmHSRinMTHin flexure JGitfltGTRRnSRTRHIflRlRRimTRlffi lie 

i ri u i U uLiuUnj U 

fiJITMRtJ R1JR[fllS1H8RlRTRftnSUfunU81flnR1H: 

Lin tt 1 Liu lJ Li 



1. RnflRHHmmm M u 1 lltiGfflSti required design strength, <f> b M n 1 SHSJtJfd§H 
tilltiRIUM desd load msIlHSTRftnsBfllSlTRflGtUlGtSi 1 IRHlGfdSRRtHtSi RRIR 

ct i n L»u U i «i> m *va 

iGi&ufihJs nmuHRiRaarRnnBHTfiimalninrnmintmmTBtinMrantiiuim i 

<ii Liu eJ vJ -va Li Li u 

2. iTStiifiMiuniaiiJtiiuintnBiHTHfRiniMMtiia* *i iRinGHaiHmHJSHmRaBuunHJn 

u V 'O V Uy in in u 

niBHaiymi: 

R. lynmintllMBHIuniailJR RtUlSI design strength IGItflmipjHinjUfitflHHJ 
aaHHtiiHRim i itita^mafaJrTiTUMaraGitnB i iRHiGiTSwiiMiunaMBH 

y i <nj & vJ m u Li y ^ 

RhfliflffiTMCUtRlSlRflfiJISRinRtUlRHraGSS ( gmuiltlfi £.90) 1 

Li u ct <x U U 



8. Ift! beam design charts in Part 4 of the Manual 1 lRGfOGR?GtS° lUlfllfl 



{RftnsnsjtmslRAgs'iuiJtifi £.90 eimjfmn 

3. {RRHSRJ shear strength 1 

4. {RRnsRjRinflitn 
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qmuimn t(.90: triUtmaj standardhot-roiied shape ofA36 airmnamtiojuinmiBlfriim s 

Lj i j Lj ct m c* v 

1 GUtBiUlB9fU8TtotilU twtnjniwajp uniform service live load Skips! ft i mntilU 
HumuiHscmumuimsumtiJu it 360 y 

l m U dt 

v i 



m FIGURE 5.24 



5 Mt live load 



TT 



v V V V 



1 ' 'f W if W 



30 ' 



fitamsrtmm: edsugusaum i ooib / ft y 

u \st tS Ct *st> •> 

w u =1.2 w d +1.6w l =1.2(0.10)+I.6(5.00) = 8.l20kips / ft 
1 8 12(30 r 

M i( = —w u Lr = — — - — — = 913.5 ft - kips = requiredt/> b M n 
8 8 

MBirtillunti compact i OJTfflU Junto compact fWUJUlSgfUSltitilU 

v* y 1 Lj y 1 U 

M n = M p=Z x F y 
n</> b M n >M U x 



</>b F y Z x^ M u 

Z = 913412} 3 

*F, 0.90(36) 

tiltsUHl Load Factor Design Selection Table Ujtf rolled shapes ttifU fUiWStfUtiltsHttilUJ 
mu plastic section modulus tiujus i miuntBs miwsmutiimmtiitnmnmulsitimtmsiuti 
mu (Hummed) mnuttinirnneiftiitirnttieiiuis section modulus murmsrBuJmnm section 

Ljj tJ Lj y Lj Lj Lj w v 

modulus ttimtiamstsiutimu y utiummmss runtittiwuismumnsti section modulus 

I ct Li i ct y cv eJ 

requirement U W 27x114 tilHUJSti Z r = 343m. 3 msmntittiWfedlMtiltitUU W3() x 1 08 
HtlfSti Z x = 343m. 3 y fuimdlf section modulus USfdUlUlfUitilWtimStimSptti mHtitUHlS 

jj -V Lj dt Lj vJ dt 

section modulus UtilUtUStifUGflttiUG timSgSUSUHltsjfdimsImumsptti 1 

U Lj vJ d> y y ts Lj Lj vJ & 

fdltmrti M /30 X 1 08 1 junto compact timtiWWSrdSU (noncompact shapes fUftflSH 

eJ V 1 V 11 L/y 

tinumi/Titsiutimnw timss m„ = m n timtikuwsrdsu 1 

ct y u y y xst 



§d 
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gusmtifwsrjltimmsirusts umssmmfminm required strength tSjtilm tmsutfi 

ts 61 V Ljy 1 w -\t 

vk 30 x 1 08 HismsfnnrsrstidtjitimsfnnrsrstiniHfmntjimmntitds^mtjim mfvnmms 

cJ Lj Lj a? Lj Lj Ljy y Lj 

w'titnmsmsflinrsrstidtjitimsflinrsrstinmfmntjimmrititvsfii 

cJ Lj Lj cJ Lj Lj Ljy y 



w u =l.2(l.0S)+l.6(5.00) = SA30kips/ft 
„ 8.130(30) 2 

M u = 4 — — = 914.6 ft -kips 

H Load Factor Design Selection Table, 

</> b M p = </> b M n = 934/f - kips > 914.6/t - kips ( OK) 

ijShlFj kdnjpcdtKdJUrititukUkliJJtkU required section modulus, WHIGkJU design strength 

</> b M p rtiiaranffiajBiB7[mifiaTpiaf3iJZ x rmmfwjjnfwsnmslFititrinti i ummmsjd 
ttiftitfistrtBitimif 

c>» / <#» cu 

M, = 8.13(30) = 

“ 2 2 

H factored uniform load tables , 

</ v V n =31 6kips > 1 22 kips ( OK) 

Gtiirmtijutsfi ttijtitiisifnntim i mntiiummmHsnvfimmmsfimtfffi n 360 
L 30x12 



360 360 



= 1 in. 



A = 



5 w l L 4 _ 5 (5.00/12)(30xl2) 4 



384 EI X 384 29000(4470) 



= 0.703 in. < lin. 



(OK) 



mwtn: i[u W30xi08 y 



Beam Design Charts 

mHisrmnQ Bi3innt3tiiireaMTtnu!Mm!iJtiiHafH n^tnrmnQ BiasnnafiBmmtaiastim 

Lj Li Li c* | n Li %i V 

MTHWtmairaBiJwfiinJiirTiiHniiBiHsrnn i iimftnsmuutiriastiJscinmisiRa design office 

malMRiTnilRtTufiufimrumn i isinairdthRiisgHstnsituisisfrmHts BtimniamtiHwiB'i* 

1 n c? Liu Li Li ct ct iJ U Li 

tUHRHfdtS tnBTfflfiti StiffintiSSffiSfmnfdSISffiimntldSl tfintfiJfiJfi ISIIfTlti design moment 
versus unbraced length IwElJcjjlsIfifci Part 4 of the Manual 1 
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?8jtmms§[RJtnSUaiCTltSlnt3/£f^ ^^itiWUtflCTinfmfiB design moment </> b M n til 

e>'V » » <=» O 

HSHHS1S unbraced length L b fi5“[HTtI particular compact shape 1 inH1HMi3|]TlfiGltJt)lSo 
WflfraHSmmtijtilltilHffiS^ F y Sti C b ltilffil]HMHmiMHffdHM{irra 

moment strength 1 




Manual chart iHHlS]fifmilS%iml3M{HlU rolled shapes till]pS 1 ISjimtimtilSgffil 
WSmSnigjtitilHffi C b = l.O I WflTIH^lfntiltijtilSjmtJfd C b filUl design moment iticutns 
nmnatUlffi C b 1 ffiftrilih </> b M n HSHItSlltilti (j> b M p ( H fdfHlH noncompact shapes t/> b M n 
flhilEd local buckling) 1 mTHUTH1fjrardTfriBt5T?iftnSiJl3iniiJl3iniiSlRl3/^ U 181 

imaluniasniTHftnauiiun i BimtsiiinmiJimiaiiwTmnBias tJBtiiBiuiBtiumiaisiiJiBriiuiJun 

Utj tri -o i U v i u ct xJ 1/1-0 

H design moment Si3 unbraced length 1 ]TJ M S 1 TJ H H 13 tin required moment capacity ISIS 18] 
imaiStmsIn im«Cint31S1ST?Tf?nsattm£3tU'tnS moment capacity Htilti 1 18iirm3lStmsl81t3 
MIR M]H1U§HltitlJ HIS required moment capacity tilfiClTlR ISISTJMfHlU unbraced length 
Btiia mtilttf ^ titslSi lal namimmaiHBmH ]UMSlTJimi3tilR unbraced length 3t3 required 
design strength BUJlfflntiTfnflB ISlimmsIniW BtilBlnMIBIIJlBim* IRfRIStiGHltiEUmtsSSEU 
rantna i juMBiuinnnma isjifntitiiH?) iai8?^imi3Mtjnuiuni3]jmni^i3Mnia1riiw stineiti 
fiTIlSI imaiJlB5 1 BMlBlBllW t8Itmt3tE3tUTfTf St3 L., TnftnBUiJHTlltfim solid circle Wlttf L r 

n i L»u y L»u in-o ' 
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[fiftnsutiicmtfim open circle 1 imna!8}IfTU3ClI|UIfig Hturjynu F y = 36 ksi = 250 MPa Stt 
Htm9jnM|jnn Fy = 50 ksi = 350 MPa 1 

nagmuimfi £.90 required design strength (talHUmW91iagH3BHMBfi) R 913.5 
ft -kips HUltlJflHlS continuous lateral support 1 M|jnng|H81i3tilU IfiHlOTR L h = 0 1 

ciunnts F y =36 ksi !sjimatfTiM9Hmia1riiti} 913.5 ft- kips k iT30xi08 itinjtitsfp 
aafrm^MnM lalRtiggiumifi £.90 iimstitii L b =0 HatRftnBu^ma 1 ni 3 |mntiriiMMR 
ttfim RRtHRBthifiJTJM L h 1 13 ftmtin mH r g tints l „ MtHintmiiunaialitiigtinai* 1 

£U v 1 u Lfl-ou /' U U U 

¥1 FIGURE 5.26 0i>Mn 



L b 

18nml3nmt3tUUt31fms1m3/17^fi(^RrJTHlU compact shape tiBIBSRtHITJW <j> h M„ 

MfjnuRiHRBiiJniinuimaiuM L b r </> b M p 1 flBifltiitnanjunmalRaign £.§ piMBiuiu 

Jill til noncompact R1HHRUJH1 <j> h M n BiatlUIIW flange local buckling 1 fltiiminRltiHJ 
maximum unbraced length fdjWiJ <fi h M n BU3IWBi38M|nriRlH L p ttiflJSSWtilHffiStt AISC 
Equation FI -4 1 The moment strength JUfj noncompact shape ]^fijlSUtilCTtiltlJR[in:]]TIRB 
lalRa/^ff/K^/fllJni maximum design strength tRftnannflRMRinhiftm </>b M 'n ttnKJ 
maximum unbraced length luW|Jnfsi3 </> h M' n SltfinJ{jnftnSfd?nojttilffi L' p 1 

191ifltil|fTlflBfi3|Hltj compact Sfl noncompact shapes Hianinnfl:|MIl3ji3|nRIlJim R 
f b M n 3i3 L b |RitnBItUMUnU compact shapes IR </> b M' n 3i3 L' p [RltnaifUrd^HlU 
noncompact shapes 1 
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M FIGURE 5.27 



*h M n 





9muaali6.99:smtiamtnmtBlnti\m ti.tacS TgffrguBniffianGmtfmjttiajBajvmBtfm 

ct LD "\_» ct y Lry Li / u eu 

I i 

20 kips mtifSn/lBfftnfntmB 1 fnnti)UHBmmBSffiftitfltf LI 240 1 Lateral support mftps 

1 Li IV V Lnj 11 Lnj 

1 tjpttifiA572 Grade50 rolled shape 1 



M FIGURE 5.28 




Gff 
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thtuntmjm: mMBmtmmmavBmiafsv tmsnmttGmstmmBffiisnnmiiBfiriiiitfT i 

Lt Li ty ct ct aj & / V V 

M a = M ft =M C = M max 

ttricu c b = 1.0 

imgm^3tiimBff9ffBtiiafma}ffffnafiaTnfimsmfwBitsiamfitmfffuBiJUBffSBa/iB 

Li ty at ct Lru U <* / 

l 

nnmCu msiwmsmBm 1 .0 iuMffsnvnmmmmmrmmiffiwmsmnmmi 

U cu / m gj Lj Li Li 

tuiffiBsBmgBSB&ma/nsmejs tatsaaaiwa 



M u = 6(l.6 x 20) = 192 ft -kips 

ntfTlflB frlHffiSll L b =24 ft WlfiUJJti l¥15x53 : 

<j> b M n =219 ft- kips >192 ft- kips ( OK) 



ffgrffwtffifrngBsBu 

W ty ct 

M u =192 + -(l.2x0.053)(24) 2 =197 ft -kips <219 ft -kips 

8 

BBitimtiggtifi 

V u =1.6(20)+ L2 ( a °^ 3 X 24 ) = 32.8 kips 



( OK) 



H factored uniform load tables, 

<f> v V n = 1 12 kips > 32.8 kips ( OK) 

filPulBBEBI BlffSfflWB 

/ m 

240 240 

P Beam Diagrams SiJ Formulas section in Part 4 of the Manual. fnPulBfffiBIBl 



c tsl mim cut wti) MfBiBBSBnnMmfukumfwsuiBmBfSfnB 

e~l cy Lj Ct ct Liy / U ct 

Pa 



A = 



3L 2 -4a 2 ) 



24EI 

fuklf P = ffltitttiNtttBBfffitSnflB 

1 & / 

a. - QHitunsrmsIusn 

ty Lj eh 

I 

l = [Biftimti 



A = 



20(6x12) 



24E1 



3(24 x 1 2) 2 - 4(6 xl2) 2 



13.69x10 

El 



fdfBlBSBSUlfUJBfBBB mntilUHBmHlffMms1f?[inWMllftif ufffSS 

Li ey dt ct ci c? V 
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A _ 5 wlA _ 5 ( 0 - 053 / 12 X 24 x 12) 4 _ 
” 384 El ” 384 El 

mniiiuMiu 

i 

_ 13 . 69 xl 0 6 | 0 . 04 xl 0 6 _ 13 . 73 xl 0 6 
El El ” 29000 ( 425 ) 

SWOT: f[BW\ 2 x 53 J 



0 . 04 xlQ 6 

El 



= 1 . 1 14 in. < 1 . 2 in. 



(OK) 



im*utii|fnnBnDnw c b = l.o mtfim 

KlUJltiHJ C h HSimS-ta l.o teJltlltBn required design strength UJltB C h 

Bq i gmuijcui lanuicnrimBmBMiB* *i 



qmtnmn tf. irntin 436 ttnaniSamaj roiled shapes mwmmslntim s g.tad y usrm 

Li U 1 Li c* ct y <& 

mui&tji sendee live load nnmusiwftmnmB 30 % tilUBmtfJ Sti 70 % timartmtin 

/ c5» L) -sb C5l c5l 

Lfliera/ tracing [fifwsBmjismtt stimi/nnimti i jiBSBismmnnmiBiufnntiiuts y 

m FIGURE 5.29 



9 

1 


k 


f V V V u 1 


' 1' '< '> " ’ 


L 

12' 


12' 


2‘ 


V 





l Hit 



foams junta: t&itniaBnoBBUBtM \ ooib / ft. tm s 

W£) = 0 . 30 ( 3 ) + 0.10 = Ikipsl ft. 

w L = 1 . 2 ( 1 . 0 ) + 1 . 6 ( 0.7 X 3 ) = 4.560 kips / ft. 

P u = 1 . 6 ( 9 ) = 14.4 kips 

[fsnmmw sijmBfiffmfwmwmsIfiirim &!.mo y 

c . '1 1 u yyt Lrp in -Kf ct JJ 

BBiffunjGjmmmuminsi c h : BBtinmslGBita x natisiimsm 

V U U JJ is J cs 



M = 61 . 92 x- 4 . 590 x 






= 61 . 92 * - 2 . 280 *" 



(Rjjmu x <12 ft) 



\ L ) 
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fd[fflff x = 3ft , M a =61.92(3)- 2.280(3 ) 2 = 165.2ft- kips 
fd[fflff x = 6 ft , M B = 61.92(6)- 2.280(6) 2 = 289.4/? - kips 
ed[fflffx = 9ft , M c =61.92(9)- 2.280(9) 2 = 372.6 /? -kips 



fd[fflff x = 12/? . M max =M U = 61.92(12)- 2.280(l2) 2 =414.7 ft -kips 
12.5M mav 



C h = 



2.5M max + 3M A +4 M B +3 M c 
12.5(414.7) 



= 1.36 



2.5(414.7)+ 3(165.2)+ 4(289.4)+ 3(372.6) 
UmnJlSftiti[tiltiGtilffffJSti unbraced length L b = 12 ft Stiff fftitititi 



M u 414.7 

= = 305 ft - kips 

C b 1.36 

fdltifdjti l¥21 x 62 



(/> b M n = 343 ft - kips ( ftJffflff C b = 1 ) 

itilffJtdlJ C h =1.36 design strength PtifWtititi 



<p b M n =1.36(343) = 466/? -kips 

ms design strength ffSftifflUtd </> b M p ttifdltdftifftti 389./? - kips ( S9tiJWSP[fn 

tiff) tifftSS design strength Pti[Wtiti[tifmWSti 

(f b M n =389 ft -kips <M lt =414.7 ft -kips (N.G.) 

fjfffiffmntiemtimtiffsiff itfftirtiffmiffjtitkutfflititsntiitiijiffftiiejffsimsltturtiitiff 

Lj y eJ c* Ljjj vJ cJ Lj Lj 

iUJtiSSkUWS VP2 1 x 68 7 edffflU L h = 1 2 fi design strength ftifUWSP[tiltiffti 
385 ft - kips cdffflff Q, =1.0 7 nededtiedffflff C h = 1 .36 ti 

</> b M n = 1.36(385) = 524/? - kips > </> b M p = 432 ft - kips 

tifftSS <j> b M n = </> b M p = 432 ft - kips > M u = 414.7 ft - kips ( OK) 

SffSffffti 68/6/ ft itiMtifftiltiSffSfdSti \()()lb ! ft 7 (OK) 

mntimtisstiti 



V u =61.92 kips 

( MStiwntifWtitiStitifftiltilSgUSff ttiimWIS ff Sublimed fffftifftiltiUSntdSti) 

e? Lj y e~l ey eh ct y <5* 

1 

a! 

ti factored uniform load table 

</> v V n = Ml kips > 61.92 kips ( OK) 
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mum: tpw2\x6& 



SG FIGURE 5.30 



1 14.40 



k 



4.560* /ft 




TUfi5sro?iTHffnifnn£^uTfiUTfit3ttufTiJ?injisi'H8ffi?i iRTnfntmnHHiaaBwmnmtnGHUT- 

Li Liu Li Li i Liu u e-J 

mm itfiminTHiiniunaTMitiitiiaimiJtiiTRJaamHiB* i rniijmBSTHftnBMTHtiitffiaireauJim 

Liu V U Lru £U Liu Liy U 

fJlJ moment of inertia selection table in part 4 of the Manual 1 cJS'lUlJtin Ec.Qffl StTJtpninfTlJ 

trmtnMtnnaiB* luimBianBTtijtiaiiJiriJnMiTMnafTiiRimBiHSfnnSHiainaninBRTHinisnii i 

Li Li tJ Li Cl <=* 1 ct ct Li e» Li a 



qffiuwin tf.Qin: ttifihmnBtmtifijmajmimBUtiimBflfitixm tf.m® ? mmnjttmtinrtiti 

tuimtunWISnlpim Ain. [p'f WS[piultlJ floor beams fanifflBffnnttnfp 1ft. 1 Floor beams 
JtfJWBJp lum girders luW[n7WSFSiuimfiJm 1 (WFJ8S floor beams JtiiWBtmUJl&l filler 
beams ) 1 mSHnmSHSmmSSlfJHS UBrtrfffflBUBffmtfJnrintmi3%0psf Bti movable 

is rt e* e* u & Lj ^ i a 

l i 

partitions lutijmiwsmtfiusfinftiimm 20 psf tantimmaj i fnntfmajftmtmfffiBBffif 

1 Ljjj & Lt L J & Lj / Lru 

l 

mmn 1/360 him/ timti y tfpftfn A36 BtiaanmffsmmuM floor beams i Msfitfi ftjmaj 
tffUSf continuous lateral support WEd floor beams 1 



an 
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duuntpnm. : 

immntimnBSBSciBmiuwmssBS \ 50 //;/ ft 3 ajTBiutmnmuBmtff i SBsm&ffifmsBfi&i 

U i es ysb «? Lj cii ts Ljy 



USB BtiBffitiBmftfftilffiBnUSBSBISStiBfBIfLfBfBinJSan 7 

cSfCtj/ 61 i es Lj Lj 3 



f 4 ^ 



SBSBJBlSJSnn = 150 — = 50 psf 

ts Lj 3 1 r\ 1 J 

\il) 

[VSBBWBSBBJVrSSfSStiltiUSB (tributary width) 1ft. jUMnfBmJSllfl 7 
B[BUUS[W: 50 ( 7 ) =350 lb/ ft 

Partition : 20 ( 7 ) = 1 40 //; / ft 



sbsbb: 



= 40 //? / ft < WS(WS) 



fdlU: = 5301b /ft ( sendee dead load) 

IS/ SB partition fflffffflfSWS BfS national model building codes Bfif/tj/USnl til (BOCA, 

1 

1996; ICBO, 1997; Sti SBCC, 1997) 7 mtiBBBf/UlBSBmijUuUSisrSS 7 

1 

usBmtff: 80 ( 7 ) = 5 60 //? / ft 

fWBJUSBmB/lfimUB 

& 1 1 



w, 



= 1 , 2 w d + 1 , 6 w l = 1 . 2 ( 0 . 53 ) + 1 . 6 ( 0 . 56 ) = 1 .532kips / ft 



misu/mrsinj- SBIsflfSf no moment restraint mWBBjBfB/SBBtf/BBttiBJjgitflWgjBbJ/BUl 7 

U- Lj c* 61 JJ <=* Ljjj ct Lj Lj m 



M u = % w u L =- 



1 . 532 ( 30) 2 



= \12Aft - kips 
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H beam design chart til H (US If L/ ; = 0 edlnCUJti W\ 8x35 
</>bM u =179.5 ft -kips >172 .4 ft -kips (OK) 

KBitimtisstm 

CU 

y u jjym =229Uips 

7 

n factored uniform load tables 

</> v V n = 103 kips > 22.9&kips ( OK) 

mnuiunmiwHsmim 

1 rn 

L 30(l2) 

= — - — - = 1 in. 

360 360 

A = — — = — (0.35 + 0.14+0.035 + 0.56X30) 4 (12) 3 = > 

384 El 384 29000(510) 

itimitilS[fdm(VffmiJVntilUfd[WU required moment of inertia 9SCUWS 

5wL 4 384 5(1.085X30) 4 (12) 3 4 

384£A„,„,„ i 384(29000Xl) 

Moment of Inertia Selection Table [pf til Si if i If til SJ tiff il7 dti dnlSif Load Factor Design 

Selection Table timssmnrBmtlmunifiticurcdicutiiifmtiidtiusifuuifsmjiinmurmsuis 

V U V U V V u u 



cumin :cdidcn i n i Y Table nimcurif W2ix44 : 

0 tn -'V eJ 

1 X = 843 in 4 > 682 in. 4 (OK) 

</>bM n = 251.5 ft - kips > 172 A ft - kips ( OK) 

g&sffifdffintifsstitiitimmstifiutiusG ms9dstticumsffisgusmmmfmtsfusti moment 

es v y* 1 1 n i n ^ U U U 

capacity utifSlStflSf9 7 

</> v V n = 141 kips > 22.98 kips ( OK) 

rnffar: fffiw 21x44 y 



g.G>9. IglptUTimslRlaf H (Holes in Beam) 

raMBraminfTiunHTHftnBiSimi3tiiHmu9Ti3 film urgBaiuMnHTHftnBitjisnnuna 

Li ct Liu o' vJ u y v-J cu m U | c* Liu Li 

l 

U813 1 iwmeiib* inni8*T9BanHTHftnBiBi*iBi39iBmimTt^i3mmitiii35iJtitii untafsnnti 

"va U cu u 1 Ot Lru G3 eA UlJ 8 U lOcu 

hBmS UntJSTWtillBHI IHtitlIBmtsl*IBIBllWT9BtJnHTHtimBa[ini!lJtlIinBnini3fnH9Bl3Ht3 

miU u n & Li 1 Ot Li cu cu V 



§d 
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luimianiitmaTRftnBitnsi^iwwiuTRiamatiiiiniiJtiiHiaHHtiHB i msmHSHiQmmmsstns 

e»UUy eu Li eu V V 1 O c* 

iuihib tJt3ia«nTHfnnnrlBntiiiuMiBnmjna *i 

V V Lru C» cJ U 

HTH’imBTuiunasra Sijear'mtjtJSTia nsncumfjlisanij frifttfjfjfjTHiu flexure itfim 

U d u V V Li v vJ e» V U 

Htunuifinj *i S9R mjmsiflSffiHSfnfmtn sloB HsmniiJnnailmiHBtnBmHuamiijimfTii 

Vi i V l W «>• 

tflMniHSfTlRIBfnnHBtilUntiBtiia “weak link” 1 



eu n l 



titnss aisc bio Hsnrifi^nQitusJjisnnjrariitmsmmTimsiintulStu 

v i m v a e» u 

(AISC Equation B10-1) 



o HSFuAfn > 0 . 9 F y A fg 



o . 

tuCU Af g = gross flange are 
/ly ;; = net flange are 

TTIMBrainHBtiUBfninSIUlIBMB flexural properties TRilRnnnWTRBriltiWlUiamiBlITiniMB 

Li V V 8 3 1 1 Lru U vJ e* EU Li c» 

fnn 



Af ~——A 

Af e A 



6 F , 



fn 



(AISC Equation B10-3) 



qffnnian nan si elastic section modulus ttiajftfimsmmatij s x m[HiuHsmmti(u 

uinmtstnwus tf.mln y mnmtdn A36 BtJTmuntJOJTmnugftJHtJttSttUn. r 

1/7 C* 7J Li U U jj vJ n if 



FIGURE 5.32 



W18 x 71 



t f = 0.810" 




18.47" 



dramgfftnm: A fg = b f t f =7.635(0.81)= 6.184 in 2 




di, =1h — =1 -in 
8 8 
of 

net flange area 

A fn = A fg ~ Yjd h t f =6.184- 2(1. 125X0.8 10) = 4.362m. 2 
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P AISC Equation BIO-1 

0.75 = 0.75(58X4.362) = m.lkips 

SiJ 0.9 F y A fg = 0.9(36X6. 184) = 200 Akips 

tultmm 0.15F u A fn < 0.9 F y A fg mi}[jnfmBmS[muni} 7 ttfmjtfu AISC Equation BIOS 

Brmsnrtiftnummsjnn 

Li vJ c * oj Lj c& 



fg 6 F , Afn 6 



^58^ 



v36y 



4.362 = 5.856m/ 



ffismtffmmssmfmstimfmfiustijftfitij 6. 1 84 - 5 .856 = 0.328 in. 2 7 mmnmffsnm&mmsf 

Li vJ & cu Liu ct *\ vJ c«» 



= 9.094m. 



Ginnj v nnnajmtu&smtf 

ts ^ V 1 

- 20.8(l8.47/2)-0.328(l8.47 -0.405) 

y ~ 20.8-0.328 

Buiis&wjTinftifUffifmsmriGsnrB 

v Lru o- 

T x . = 1 170 + 20.8(9.094 - 9.235) 2 - 0.328(9.094 - 1 8.06) 2 = 1 144m.' 

s x Nimutyiumtttnm 

c , /, 1144 3 

S r - = 126m. 3 



y 



9.094 



s x ajTBmanusTtitfmm 

sv Lj nj Li 

I r 1144 






= 122 in. 



d- y 18.47-9.094 

mum: The reduced elastic section modulus Mrsiuitirtmtiinm 1 26m. 3 BtimffinitlnmiJ 

tv U c* U C* 



f[mm 1 22m. 7 



amStUHisisramriaatsitmTssa rnimirniHniimriiMMiiJtiiHaHianfurimalntiiMti 

c* e» u Lj ] Lru i_J ct U 

IfillSolS 1 Design of Steel and Composite Beam with Web Openings EitfJfBndhSJuHJS jtl 

(Darwin, 1990) 1 



Ec.<a>l9. Open-Web Steel Joists 

Open-web steel joists tfimifiB truss £07/771 

A •* U I) U u Ln “\j cA 2/ 

Open-web steel joists SiltitUHlSSt/mts lTtJltnillJRHW^UMTHimntilHl3nT9Bti (web 

A u nj tjU v U «=» n U i x 



Gff 
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member) mimfitnitnBtRIUll bar joists 1 flfftftnBtfilimBlRtiRtjntlJ Si3jUnSttonJM{HTO 
IfnJaudtillpB 1 MflmUjmftitotofl]tiB|n open-web steel joists mB9HBlMltUtili3 rolled 
shapes ttjimHjRHismrjTssasTisHsnTiEi^nRmransmmjtihaTrdtiJ i mmimtslsmmfti 
IHJ13 open-web steel joist HlSEURtUKlfdtiRtstilti rolled shapes tmsUtjTfnmtPn^pri JELniCinSI 

c> 1 J m if. a - ct 

MIjnumiRnilHfimiJim i 

IfifflBJR open-web steel joists tflHffiStiRHMfdatilJ BtiWBmnTBUBRriintiBTRtjniBB 1 

L J u no e» U dj UU 

Open-web steel joist SilRltnSFilinSlioHjlgfTlJtjl floor t! roof joists tUlEII open-web steel 
joists SSIBjntflftnBRimBllBlJlBmitil girder joists 1 AISC 

Specification HStpStljuntm open-web steel joists IS IHMlUBHmitijaiBjmiJtlliminltsl Steel 
Joist Institute (SJI) msmtUlS'infl 1 ntlimiI|S|tnM steel joists lUmtimiRimBl StifmtaflJfi 
tnftnBItn*tlHtiflHJIBlRi3 Standard Specifications, Load Tables, Bi3 Weight Table for Steel 
Joists and Joist Girders (SJI, 1994) 1 



tRJflGtjTifiJUfJ open-web steel joists tjJHtUSrJ the aid of the standard load tables (SJI, 
1994) liiSmmnaHtmsImjQtihnmsjsmJtnsuajfmsimj/i/ff n.ciut *\ tjiHEusiamjtliPnjfnti 
tEUti Si3 joist IRBtiBBWtnBRtHTJBRHmfiJ 1 mJ 88 JmOJtjl total service load capacity RRtfl 
pounds RtiHHJ foot ItlimitlJSIBlSfiaiTfTlHtil service live load RtiHm foot toBtiUlSnfTiritfm 

A c* d Lj c* D n 



1 MS 13 1/360 tBjmitiftlJia I (IBlJthfiUBRIBlRtiHinlatjl service load capacities RltflHJ RIR 
HiBiTtrmnaiBJtmaiiimTMtiJtiiHmBiaJBLRFD totmasimairmslstss) i ttueSumsmje 

U U u i) in -o v 

AKnnnfiRHlittUM open-web steel joist toRHtfi in. 1 mntiR§]titiUJl SlSHSjtJUTlRjiJtUlCU 



toRRtfl pound RtiHHJ foot IS Jtniti 1 

IRJTIBJR open-web steel joists ltlCU|R!fnSR[UlSJiBHjinSSlStjJ floor or roof joist (to 
tatffntTISSJStjl girder) til open-web steel joist (K-series, both standard and KCS), longspan 
steel joists (LH-series), Si3 deep longspan steel joist (DLH-series) 1 tSltnCUttIJi3JRCUtfiJJt9ji3 

fnstfisrj imaBaBBtiJtnBraiialtua stiwsmnrsusfifnstfm i tfiqgiumm ski msrmfti 

tom 8/t.satijgfnnjjsusn 550 ib/ft. ms 72DLH19 inB|BUBRtnB497»/^.itij|u!ii3 144 ft. 1 
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m FIGURE 5.34 



Joist 

Designation 


8K1 


10K1 


12K1 


12K3 


12K5 


14K1 


14K3 


14K4 


14K6 




16K2 


16K3 


16K4 


16K5 


16K6 


16K7 


16K9 


Depth (In.) 


8 


10 


12 


12 


12 


14 


14 


U 


14 




16 


16 


16 


16 


16 


16 


16 


Approx. Wt. 
abs.m.) 


5.1 


5.0 


s.o 


5.7 


7.1 


5.2 


6.0 


6.7 


7.7 




5.5 


6.3 


7.0 


7.5 


8.1 


8.6 


10.0 


Span (ft) 
1 

8 


550 

550 


































9 


550 

550 


































10 


550 

480 


550 

550 
































11 


532 

377 


550 

542 
































12 


444 

288 


550 

455 


550 

550 


550 

550 


550 

550 


























13 


377 

225 


479 

363 


550 

510 


556” 

510 


550 

510 


























14 


324 

179 


412 

289 


500 

425 


550 

463 


550 

463 


“^50“ 

550 


550 

550 


550 

550 


550 

550 


















15 


281 

.145 


358 

234 


434 

344 


543 

428 


550 

434 


511 

475 


550 

507 


550 

507 


550 

507 


















16 


246 

119 


313 

192 


380 

282 


476 

351 


550 

396 


448 

390 


550 

467 


550 

467 


550 

467 




550 

550 


550 

550 


550 

550 


550 

550 


550 

550 


550 

550 


550 

550 


17 




277 

159 


“336 

234 


~$16 

291 


550 

366 


395 

324 


495 

404 


550 

443 


550 

443 




512 

488 


550 

526 


550 

526 


550 

526 


550 

526 


550 

526 


550 

526 


18 




246 

134 


299 

197 


374 

245 


507 

317 


352 

272 


441 

339 


530 

397 


550 

406 




456 

409 


508 

456 


550 

490 


550 

490 


550 

490 


550 

490 


550 

490 


19 




. 221 
113 


268 ’ 
167 


335 

207 


454 

269 


315 

230 


395 

287 


475 

336 


550 

383 




408 

347 


455 

306 


547 

452 


550 

455 


550 

455 


550 

455 


550 

455 


20 




199 

97 


241 

142 


302 

177 


409 

230 


284 

197 


356 

246 


428 

287 


525 

347 




368 

297 


410 

330 


493 

386 


550 

426 


550 

426 


550 

426 


550 

426 


21 






218 

123 


273 

153 


370 

190 


257 

170 


322 

212 


388 

248 


475 

299 




333 

255 


371 

285 


447 

333 


503 

373 


548 

405 


550 

406 


550 

406 


22 






199 

106 


[“249 

132 


53'?“ 

172 


234 

147 


293 

184 


353 

215 


432 

259 




303 

222 


337 

247 


406 

289 


458 

323 


498 

351 


550 

385 


550 

385 


23 






93 


227 
1 16 


308 

150 


2 14 
128 


268 

160 


' 322“ 
188 


395 

226 




277 

194 


308 

216 


371 

252 


418 

282 


455 , 
307 


507 

339 


550 

363 


24 






166 

81 


“208 

101 


282 

132 


196 

113 


245 r 
141 


295 

165 


362 

199 




254 

170 


'283 

189 


340 

221 


384 

248 


418 

269 


465 

298 


550 

346 


25 












180 

100 


226 

124 


272 

145 


334 

175 




234 

150 


260 

167 


313 

195 


353 

219 


384 

238 


428 

263 


514 

311 


26 












166 

88 


209 

110 


251 

129 


308 

156 




216 

133 


240 

148 


[~289 

173 


326 

194 


355 

211 


395 

233 


474 

276 


27 












154 

79 


193 

98 


233 

115 


“2SS - 

139 




200 

119 


223 

132 


268 

155 


302 

173 


329 

188 


366 

208 


439 

246 


28 












143 

70 


180 

88 


216 

103 


265 

124 




186 

106 


207 

118 


249 

138 


281 

155 


306 

168 


340 

106 


408 

220 


29 






















173 

95 


193 

106 


232 

124 


261 

139 


285 

151 


317 

167 


380 

198 


X 






















161 

86 


180 

96 


216 

112 


244 

126 


266 

137 


296 

151 


3SB 

178 


31 






















151 

78 


168 

87 


203 

101 


228 

114 


249 

124 


277 

137 


332 

161 


32 






















142 

71 


158 

79 


190 

92 


214 

103 


233 

112 


259 

124 


311 

147 



Source: Standard Specifications, Load Tables, and Weight Tables for Steel Joists and Joist Girders. 
Myrtle Beach, S.C.: Steel Joist Institute, 1994. Reprinted with permission. 



UJiminjmtUti KCS joists, open-web steel joists mtiHfdljnfiJlSRnJlSltfl trusses tutUjjS 
itfimgtHfmHm tiiHmaauBnnriJimiMialitij top chord i miEftriusmssmfh top chord jtasf 
bending Ryts axial compression ytstSS top chord jJnftnSRtUlSItjl beam-column OHEUtjinR S) 1 
iBHTffiaiBfMimninM top chord IHTKffnn the floor or roof deck RiftSraunmuJtfrinllT HIS 

Ed V 1 Li) W c* W O {J 

continuous lateral support 1 



Gif 
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S1i3 top Si3 bottom chord members JtJfj K-series joists ‘jRltnStaChfiiultlltuRtuCUiriS 
yield stress 50 ksi i W9fnri|BuafiiuM K-series joists iHitnaitijatiimilimfniniftnn mini 
iHnnjiMfnfnnHmuiHirnitnauiJirTi^TiiSrTiiMBa i.65 1 

1 1 Ed l_»U Lfl -Vi -NJ S^> 

IcrmTrdormHmrdTHimrartnrj standard load tables tfiHffistiLRFD THitnafniimuJim 

Uci tn Li U Li u L»U 

sji (1994) nlimTRftnsmTirmsIsiss masTHtiimmusQuaQ i ntniam ssiRssmmtiJ lrfd 

7 Uu in -o ct u U ci n 

1 w 

fdHfflJ 2.3: 



TriQi^</> R n 

firnftnBMnMiMTHinuBntiTiJimiMntigTHiatii 

Lrjj Li d* Li v/t> ct Li 

W u <(/w n ( 5 . 7 ) 

luCU w u tin U S R Cl jtn tff I hi i B R [in Sr3 w n til nominal uniform load strength of the joist 1 jjlfiJS 
CUCffittCjptaCUCGjUHRJHiS nominal strength ICU allowable strength IhJSti 1.65 RUfciH'lti 
hinhii nominal strength tultU 



w n =1-65 w sji 

luCU w s ji til allowable strength (allowable load) iuEF^jiSl ntl standard load tables 1 
Design strength R 

</w n = 0.9(l .65w sji )= 1 A%5w sji ~ % w sji 



fiajiimtimBMnMiMHR'ii 5.7 tfi 



W < 3/ u; . . 
vv u — /2 sji 



MIjnuiHitminjiiataRiiRimBi imtiinBwnwiBBmBBiaiBstji 

v sji — 73 Wu 



required w s a = ~A w„ 



gmuimf) &.9CI: tju load table ti.cnts IfpOIttOJ open-web steel joist 

runsnriMu smsnmmrm& 7 

Lj c3 Lj cit Lj 

Joist spacing =3 ft 
Span length = 20 ft 

usnfi: nrmjusnnnrmbj 3in. 



* BnththtannnMfBfnciMpu K-series joists (RftjisRtinmthffim?ciiMiGiE3cui|t^htEhratiffiEim'i 
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uBmtfntijtitqftt = 20 psf 

ifSfimtff = 5() psf 

i 

thamijtmtn: mipimsmtsi 

( 3 > 

njmajsan: 50 — =37. 5 psf 
\\ 2 ) 

UBmtfntijtitqftt =20 psf 

1 

SHsrarj joist =3 psf (qutn) 



EJfU =60.5 psf 

w D =60.5(3) = 181. 5lblft 
MljnnuaRHitsi 50 psf 

w L = 50 ( 3 ) = 150/Z? / ft 
usmmmnfi 

C5, / 

w u =l.2w D +l.6w L =1.2(181.5)+ 1.6(l50) = 457.8»7f 
mm ifUSnlSSlSltil required sendee load: 

required w s ;j = — w u = —(457.8) = 3051b/ ft 
J 3 3 

ras e!.m6 utiimtf! joist mtitmumnmBitsmimjtBUBftsttim: \ 2K5 bubtuiuioj 

V Lfl u U -V» V Ujj U 

I 

7. lib/ ft , 14.0 BffBfpiuiaJ 6lb / ft Sti 1 6K2 SUSJUiUltU 5.5lb/ft 1 lul/UBSmS 
mruanttmuiurtutu tfstBittStitraisf joist arnttimrananjitim i 

Li n V V u Li 

tstSm: t[u\ 6 K 2 i 



tc.©tTl. tIS8^9gH SiaOSotnfSMfiJJ (Beam Bearing Plates and Column Base Plate) 

InRimmuBSTBNHimBwnimrTMitittimatilnRimmuBSTBnH luimuJimwirntmuiR 
tag tffiiastintrutunlitjiHtijm i tnjwn mmtmRRijnMraMUBgtnRMMiRtHi^jtnBmintniiiin 
n flexure tJt3iBgfiTRftnBit3nmRHmitnnuia1gtBg ttJtiiHBtHatBlnafinn & i namririBiani 

v Liu |J ct y ct 



naigraMUBgttJnmnattjRnBmtJtliraHnifi (concentrated load) ISlMHinttiEUTSfl 1 

u <* Li v ci v ' r\ U 

ussT9GHHisnnmngli: HffiMTHimimsmRRHrafiKimsIsTH tJEtiitimnarana sti 

dn Li ct Li u Li w- Li ''t> ct Li y UJ- i 

HmtgtRMTtntiumBUBmglMiusiatwiuMnHi fiua nmrnnigTHamStiJuaifmsiRa/Tfff 

u U Li ey dn cu ct y Uct in -o ct z/ 



gif 
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i iBisntiinHtiiiraarnftnBHfTiuigiMMiuiglnHitiiaiBtRmiJim iRTUifiBtBBTHta 

ct Li Lrjj w- -va ct xj U Li Li 

TJ&imiBiBIB* THftnBITUtilI^m9 tiin-EraratSlTflti bridge abutments 1 mJRtinSintJSSTSJHBJS 

Lfi ~o Liu Li lJ Li d* U u 

mknis: 

1. RtUlRSlfl N UJtmmntjfnimi web yielding Si3 web crippling 1 

2. RtuiRstnz? faniTRsmti BxN HissidraurmsiBmrrimrdHinlStiJTS (tfiBislR 

Li vJ < 3 i Li Li fcj Li u 

rafiti) nmnum 

i 

3. RimnfitjnM t iStbUSS^HIS bending strength ffiUtRIB 1 

minniisin Web yielding and web crippling tflSiSl nil Chapter K of AISC Specifica- 
tion, “Strength Design Consideration” 1 dthtlflfi bearing strength Cd fd Cu n 13 jjni fp S S tin til i Si 
Rl3 Chapter J, “Connections, Joints, and Fasteners” 1 



■ FIGURE 5.35 










B 




-< 


>- 






Web Yielding 

Web yielding RtftfmtisraRltflHJR'lJMtifi (compressive crushing) lUMlBBtigHIlJtU 

unmwnmiHBfHBRBiaMamiftm^nnBlimuiiJtiJiBinBiaiiS unmmrfnHrsstJ i nuimss 

n lrttun & ru "vi U U i cu 

HiatiiRHii3mBRHn9TmsTmfiSE3Qut3iniRt3 /ET^^^ufiintitiiuBmiJtmjmBiBiMiuuJim 

cu Li -'fc Li Li V in uct y "vs d* UA cu 

fdfdJ UBHltiltilBlH 1 Yielding IRmfffl3ig1intlJllJtlJRl3Tfnl3Ml3RiailWH8fTimiJRSTlHim:TBBi3 
S m si J mi tints yield *1 IBlinnraBRTRftnBUmBRlHim:TJB8ltiR web yielding TfiftnBMBRTjlIRfi 
HlBIBllRJIHSfnRIlJtmnBBBa t w 1 IBlnti rolled shape HSmRIBlptoigClRIfnti (toe of the 
fillet) UJUJtnBBtnm k RltiBll3ITRlinMtmn (BtniBSTRftnBIltUtilRintJ talRti dimensions and 
properties tables in the Manual) 1 pMBrangRtRftnBMBRtil!ul3IBR8BflIlJim slope 1 : 2.5 
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gBn^m3lna/^^/77e?tn^ttiia1|nti9tHIi3Bf yielding R (2.5k + N} W 1 ttfiniRWl 

jpETpItalSoSil yield stress cjj nominal strength fdjATij wc 'h yielding ISl jjh'i39[B: 

R„ = (2.5 k + N)F y t w (AISC Equation Kl-3) 

The bearing length N tsl TfiiaSTHHfiPT JfntStjHti k 1 iSlTRiraSRSItiRti UinmmiUMHSR'imtiBf 

yielding Pi 

2(2.5k) + N = 5k + N 
The nominal strength Pi 

R n = {5k + N)F y t w (AISC Equation Kl-2) 

The design strength Pi </>R n , tuCU (j> = 1.0 



B FIGURE 5.36 



i L 



I 



* 



^W. 



R 



Web Cripplimg 

web crippling tii buckling raMTBBa!iJwunmwnnini3MamiJtmimaiTiHim:tmui 

1 1 u *-? U i r> tun w- ru 

fi3]]H1UtJSR81i3Ri3 nominal strength web crippling Rt 



R„ =135?“ 



1 + 3 



f N > 
\d j 



( V - 5 



t f 

v / y 




(AISC Equation Kl-4) 



HTinmJBRIBlTRtS UIRTIBTH ( HSRtilt3CTIRR[imtlJRHfjRHnQt3) nominal strength R: 

Li e-. U eJ Li ci n <=* i 0 



R„ = 68?" 



S R n = 6 K 



1 + 3 



r 



r \ 



1.5 



1 + 



\a j 



N 



J 



\ F y t f 



frJpHTij — < 2 (AISC Equation Kl-5a) 
d 



( \ 



1.5 



4 0.2 

d 



\ l f J 



\ F j1L fjpnu — > 2 (AISC Equation Kl-5b) 



d 



IHRimilMMtiMIHlUftnBfTinnnilHIBSR (j) = 0.75 



Gff 
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Mtni:iiJtinTtfMTtnuT9aHint3tii tufiti flu uwini:ititi33t9tfi msfrisislhtjiramn 

an U U u a i ra m n O U in v i 

MH1J:fSS|infffiStisi3 bearing load ttitlJHBffittftmtJBMtiR 1 The nominal bearing strength 



UJtUUtmmainta AISC J9 uGRlfSlfivi American Concrete Institute’s Building Code (ACI, 

t^-ct 1) ct ct C x 7 

1995) 1 {tiwsra plate ftratnmWtfiJUMBtH fSIS nominal strength R 

P p = 0.85 f' c A { (AISC Equation J9-1) 

jtiftJSra plate HapummWttilUMBtHig ISIS nominal strength R 

P p = 0.85 f' c A l ^A 2 /A l (AISC Equation J9-2) 



m FIGURE 5.37 





ttitu f' = tlMMiMtiRIIMtifi btatSlTJMITJfiti 

• y c i ei n i 

Ay = bearing area 
A 2 = full area IUMBJH 

ftiMBtu AoHSQfjiHffi a^bis a 2 RJHisRmtkjiti Ay ttiwhHiBntiniimtntfitMttijti 
Riat 3 Ay uitutiicrnslfiti/rr ^ aisc RTHffh 

ct 1 1) lil "O ct JJ Uu 

V A 2 / A] < 2 

The design bearing strength R </> c P p fuEU <j) c =0.60 1 
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Plate Thickness 

talinwititinniunm aagBaraMuasatHtnitnanimmuira bearing pressure hgjh 

THftnanH^uannriJiHiiMiBlitiitnHia plate tt3cur?iftnsfiJSFiTsttJiEusst32A: itinnBlnnmtiiBH 
aauinmm n uQutnmtsiria/^^/T?^ umuHmBtnuasTHitnBntyiiiinitjiirnaintuHmTMu 

tBlaattUtiBin titsiSS USSjtiftnsBfitil cantilever farotnajUlftita n = {B-2k)/2 StiSSti 
n i iuHTtnturrdtb ssa 1 in. rnftnBritjmim tiiHmaauBRnruimiMnHtii ib/in. uJujimbb 

E-J Li u Liu %) <in Li vfc 

bearing pressure tuCbBfitil lb! in? 1 



■ FIGURE 5.38 




"*1 + 
i tm ~i t 

LN ji 



V V c* <*, 

.. R u n R u n 2 

M .. =^-xnx- = ^ — 

BN 2 2 BN 

itiCU R u /BN til bearing pressure Ht5jHJfli3tJSS St3tUf1ta 1 MftnUHSmHBHimnJlffiti 
itiCUifTliJiGjtJHRjiSpEIl (minor axis) iSIS nominal moment strength M u ifiJSti plastic moment 
capacity 1 tii3iJi3iniiSim3/^^./77^ plastic moment MTHIUHSfnHBHIfTinJlffiti 

x J y v in -vj ct z/ A Ui i 

itiCUH1SSlTISSi3HtlIt]R?n SiJRTHlfj t fi 

W n Li 
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ttJlffifiTIJ <f> h M n M u 



(/>b^ n — ^ u 






(5.8/ 5.9) 



QfflTIMW tr.9e): MWS1 bearing plate fuUjmSfm[uBfimUM VP21x68 tidVffiStiJpfttiltUti 
15 ft. 10 in. Bnnffnnm'ffhimtvsm 1 Sendee load Mffi ftfnjBstUmilJmi33tJ3Gm 9 kips / ft 

u xj U / » rt i ^ 



nn/lttpiftimai bearing N ttiOJtnmiSwjmimJ web yielding 1 n AISC Equation Kl-3, 
design strength M[mUMlSfnClB[lJlBfSsB 
R n =(2.5 k + N)F y t w 
fijpiU </>R n >R u . 

l[2.5(l .438) + A/](36)(0.430) > 99.73 
N > 2.85 in. 

t[U AISC Equation Kl-5 tBffjBnJlBmmUM N itimnmfSiSffjmJtnJ web crippling 1 MSI 7 

n id > 0.2 stifinnwftisptisnnmvmumj y ajjmu <f>R n >R u . 




f' c = 3500 psi 1 ffilltlBgf tiff Stiff fftflf tiff A36 1 

Bta/nsrnnm: usmsminB 

U CS> / 



w u =1.2 w D +1.6 w L = 1 .2(4.5) + 1 .6(4.5) = 12.6 kips I ft. 

twmpBrtm 






N> 5.21 in. 



(controls) 
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ffifinsmmmsfi 

Lju cJ 

A = 5^68 =025>02 (QK) 
d 21.13 

fiflnfUfti N = 6 in. 1 RWlfiSUi 5 P bearing strength 7 mmsmtiWfflSMffijVnBmgnftfmiV 

eJ Lj vJ d* -v» 



<zi c (0.85)/' c Aj > /? M 
0.6(0.85X3.5)A 1 >99.73 

Aj > 55 .&lin~ 

mBHurmwimtisw b B 

tv eJ 

B= A = 5MZ =9 . 31i , 

IV 6 

sstitinmmv w 2 \ x 68 A8.270//7. ttinjtBgmssfaffdtiitiemuusG tubumsfims i mmmtf 

eu fj ai en eJ 

B = 10 m. 7 

a mfifiimtdussttimtinjmm 

„.^.l°- 2 (l-438 )- 3. 562 ,., 

2 2 

nmffmf( 5 . 9 ) 



TtiMsraGHHST?i!tnsnTSi38ii3tslT?n3i3anQJi3tJSR c 

U C* Uu U U | ct fcj 

JllttfilimtlRHItiriltifi StifiTimtintritimni) 1S1S1S Specification mHf§jmi3?i sidesway web 
buckling (AISC K1.5) 1 1SlinWUSRHSfmsItSmumiani compression 

buckling (AISC K1.6) 1 



mtimvfmvs[B[rifwsi[u 7 



t = 




myjtn: tp ply y A x 6 x 1 o i 
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Column Base Plate 

yt5|nSi3fTlJfi[UlS1 beam bearing plateiuJ fTlJRtinSI column base plate R|Pifclj BIS fill 
ntmtunn bearing pressure IffllWMHII.'IlJtlltg St3 bending ITJWTJBMtifi 1 mn8MJnSl3Utinn 
bending tslffiti beam bearing plate RHtiJSfJ BIS column base plate Jt3Sf bending HJSfd 1 
iCUfdniSilSjfi web crippling Si3 web yielding HSlHStjIUnjliSlRllfTlJEitlJlSI column base plate 
191 



IS FIGURE 5.40 




Column base plate HIBTKftnBBIfiBnjnntiimfiUBSB BBSSRG ttlWUSSfiBmSSimUUTin 

A Liu ct M rfi U II U 

rattnnigtriMMn iWMniB* uB*nt3i5fni8Min islintiifiiauBRTwitii BtiinnrfuauBnBBi 

Li dn 1} c> i ot &\ Li dn 

numrjmrjussc^ltnsRnjiRnmjnmrnjnis bending lUMigmBUBsifltutiimiBtjn 
MfiJJ 1 Bending TflitnBMBntiltRRH1BIBtUBl3HmiBlRHMITlRn[IJnilIIUMUB8!miTtil3IUMtmU 

Liu <■* iJvJn n <* e*J Lii cu 

mmji Hmntrrdms1sl3Tsst3HisQHii3jnEn o.80* f s^HRinnsfRTMmsIstifmtJHisRciriRnRi 
0.95 d 1 fitiBIUJTlHBITHfn cantilever lm. niltJWMintljltfim roBtin oB!SlRt3//7^ Ec.tsO SUB 

ct U U u ct v su 

iticutitiitt m|RftnBi|SflaM9j n isImiMHmj 5.8 nlHjfinnsinumfjuss u 

I 2 p 

t>l (5.10) 

^ 0.9 BNF y 
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ttitlJ / tfifilHBtiltilRRtiBinJTlH mBt 3 n I'JSlBSMUJllJtilBlaa cantilever method “1 

tu «=* V 

UB8tnHHB?lJWt9gHa|jmWtHftnaHn^milhmi|U Murray-Stockwell method (Murray, 
1983) i islRtilStB* itimauaRMMrfiJtiiHaiHiaIntaTiniiJaiuMHsrnHMMi c ninjinsmti 
b f d ) THftnBMBHtiimt3IBmMIBllWTR9riltiH-shaped titstlfrimfitt WG 1 titstSS 
bearing pressure RJUHnitflBl!RJll^ IU N MMI 1 fiL^ U3 §{?iftnSR[lhtin flexural analysis 
lUMBITHfn cantilever tB99t3&RRl BiMBratiti c llthsstiflkJStiWtilfdHfm 

Li U d U d d 



t>c 



2Pp 

' 0.9 A H F y 



( 5 . 11 ) 



UJtll P n = -^-xb fd 
° BN 1 

= UBmBiRi3|n9J1lti bfd 
= UBma1lW|ntiniti H-shape 
A h = fRUTltt} H-shape 

c = design bearing stress *1 

Ah 



U FIGURE 5.41 









GlUlltflfdHfTlJ 5.11 HnBg|Hti|MUJjt3|pBt3MHmi 5.10 UJimi|SRt3|mt3 P U /BN 
ititutisfdltilflj P a t A h <1 

fdTHIUUSSltitlJTSSHStiS ( TCTEtiSJfltfUSSTgSHSTfiTlElJ SfltJSoTSSHSGSHSTRftnSRQJlfi 

Li <in u v </ U Lj *s Li ^ u is *s Liu 

til R nil R). Thornton (1990a) IlJnnSlBfRlllmRII^mnBnWRlinRniBMIUMltiRIBUBSlfltatg 



an 



179 



\T.Chlun\ 




HUTiIsjictirafjiuiafiBcu 



NPIC 



sta Btitmtn iJtiiiJtutnBuiJunialnti /Er^^^nnmniBuasiajrnitnBBingRtsi fixed tsisars 

l eu v in -o c * jj &> Liu i U 

Bia. BTHMlHETlIBlBatinU BiaBIBIIBiTtiaHmiglm RTHIMttinJEiTHffTlJfi 

l U m cu U i u lJ U uu 

t > n' 



2P„ 



1 0.9 BN F 



y 



cticu 



„'N[Tb 



f 



(5.12) 



B FIGURE 5.42 




(a) Area of plate considered 



hH 



Simply supported 




(b) Approximated size and 
edge conditions 



‘JnmiauiBSTHitnBumtiifnuJim Thornton (1990b) itfimmiMitiumBtiBSitiirmtn n 

Liu ul ct v ' 8 V Li 

nfirasstticutntnfifi 



2P 

t>l — (5.13) 

■y 0.9 BNF y 



tuCU l = max(m,n,An') 



24x 

i-Vi-x 



<1 




(j) c = 0.60 

P p -nominal bearing strength Cl AISC Equation J9-1 U J9-2 1 
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tiiHmatiMHfniBitiitiiiB* rnHsoitncnn^eitiussa urn? ttrasmfmcu tics ^ k ms ran 

u eh -^X v eh Lj -^X is 

tfrJSi3 1.0 (Thornton, 1990b) 1 

lsiSi]fi31ujl3g1tSlSl3HlutlJ§JlSlRl3 Part 11 of the Manual (Volume II), “Connections 
for Tension and Compression” 1 



QffWimn ti.QCl: fAfmC 10x49 tfimmsttm/wsrsfuim concrete pier uGUWmniTiOO g.6m y 
ftaSltffCUfUfj pier fflSStfl 1 Sin. x 1 Sin. 1 ffO/lBTUBS A36 OJTBlUUBmtsJ 98kips Bti UBffffltfr 

ch 1 eh L/ eh 1 ch 

I 1 

1 45 kips y rmmffimtifi f' c = 3000 psi y 

m FIGURE 5.43 



13" 
x 

0.80 (10.0) = 8.0" 




a 

0.95 (9.98) = 9.48" 



thnimjemm: usmmanfi 

U eh I 

P U =\.2D + \.6L = 1 .2(98)+ 1 .6(145) = 349.6 kips 
fnfUlSl required bearing area 



0 c P p ^ p u 

^ c (0.85 )f' c A l jA 2 /A l >P u 
0.6(0.85X3)a 1a / 18(18)/A! > 349.6 
A, > 161.1m. 2 
[finPSqf 

7 A 2 /A l =V18(18)/161.1=1.41<2 (OK) 

mitmfn uBgmffamB(hnGtiiti9uiajtiJf timss 

eJ lJ ch Ljjj V 

b f d = 10.00(9.98) = 99.8m. 2 < 161.1m. 2 (OK) 



gif 
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ttijmu B = N = 13 in. 7 =13(l3) = 169m. 2 

gtnruaifstTfff ft cantilever m sis n msm/wsmimin rag u 

U lj Lru v -v* 



N -0.95d 13-9.48 , 

m = = = 1.76m 



n = 



2 2 
N - 0.8b f 13_8 



= 2.5 in. 



niuBmr 5 . 12 



n = J = ^9.98(10) = 2.497m. 



iuitmim a = 1.0 ttsggaiwB 



1 = max(m, n,n') = max(l76,2.5,2.497)= 2.5 in. 

/a / ^ 

flfJBHV 5. 13. required plate thickness B 

, = l = 2.5 I ff 6 } . - 0.893m. 

0.9 BN F y "V 0.9(13X13X36) 

tjp PLY X 1 3 x 1 3 1 



Ic.Qts. Biaxial Bending 
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Biaxial bending IRnHIBigiintUIlJtlinHiaaftllRSimUBmiJtmilSn bending tnHBltiHm 

0 c^Tjaacjj n c ’ O 

8113 (major or strong axis) SttHRnSIltU (minor or weak axis) 1 ut5RJIlddi31inilSlRi3//7£f ft.lsls 

cu v ^ ' OO v V in c* z/ 

iflnraBRBBnjitnmnnnHiriigliwHmuinnimiuMnH msnsRmtmsisaHRnmtiJSHm^mrj 

1 o On ctinUU O u 

Hsmri 1 imsutiimiiJinuBmBsinBtiinimiBiBitiiafTiiiJiRUBnriiwRHBmiJim Rliisltomon 

1 & 8 V 1 

ntfiJM UfimimmBfifnHfTlH shear center JtlfdHSfTIfi 1 The shear center mfiBimBltitmiBRIBH 

& 1 1 & C? 

iniWgHUJimHB^JgHiaiHtll (no twisting nor torsion) 1 BfntiJTJM shear center HI TljTlItnS 
fflUIRCI elementary mechanics of materials iultUntlflSI internal resisting torsional moment 
IlJniUranniuiinH1l3fTimBlnl3H8fTimBl external torque 1 

V cu ct 1 1 



M FIGURE 5.45 




I I 

I '(I 



(a) 






f 



(b) 



BtntiJTJW shear center MTH1UH8fi1fiStSltj1iraST?lJfnStJl3initSlRl3 mStf.tslla ItlEU 

U 1 v U Uu in -o cx jj 

shear center fftftnBMmWltfim “o” ^ HtHJTJW e a tannJlHBSntiJTJW shear center fdjWd 
channel shapes fnftnBWjUBtftmntilBlRti Manual 1 tflBtBl shear center InaiHMmallWHfy 
M1HTS titslSi shear center Bl3MmBilWBrafi9HBIUMH8fTlK!lJWHmMIHTB91i3riirnHm 1 fU8 

1 U v «>- U 1 ts 1 O 1 U cx jj 
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ef.tsHib Ut31fnSfnt3SlUrarjGHnntiit3Pn tSitntUUSRHSlfifnfimH shear center BiJHaRlfiRlH 

in -o c* c* dj i n 

shear center 1 



fmui99: USmatUHSftifnrifnH shear center 

* in 

i 

TtlMBIUUamnHirifnHSnH shear center UCTTinHJt3Sf HHt3HPit5Hfnm3Sri3tEJltnt3nT 1 

U d^ C? 1/1 V Zl >st> Ct 

dijutanninta /fr^^^&uBRintjTKftnBmuRtiiRUMtitinifnimiRtinagMiiJI x stfsMttil v 

V Lfl uct V dj Liu l V l ct 

tanuNiiuBfiaHm9tn§n bending inlnifRiititatn *i 

i v d. u n c’U u u a 



M FIGURE 5.46 v 



x 




iBHTUJlSTtmmtilHmUBRtin HBfiuaimawmtmaiHtll chapter H of the Specification, 

E-JUudipllU W - 1 - 1 

1 W 

“Manuals Under Combined Forces and Torsion” ( ilhffilHEUiSltjnfiGe) RtitfijfJtfiltSo) MS 1 

v ct U 

The Specification Ith*ummUBRtiUtilfinamHim:fnn|U interaction formulas tofifinWlirM 



8istsfisnciJusnsHm9tE3tiJHisgsiRssms1smjMMatt3tiJTRfEnsi3fisntutsusmsis‘i gmuu- 

cP dj u 1 O Lru ot dj 

ofi |tIMSratnS bending injTJtRBtiHRJ x , 



^ ux — fib M r 



tl 



M ux 
fib M i 



< 1.0 



to M ,. x = HHtinRIHfiimintHHRt x 

MA jj ] u U 

M nx = nominal moment strength ttajUHRj x 
yt5?p ftJMSHISlfi bending injUHRJ y ISIS 

M uy <fi b M ny U -^^—<1.0 

fib M ny 



to M uy = HHtinmHRomnjnHRj y 
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M ny = nominal moment strength ItajUHRJ y 

tSltnCUHIS^mfiS bending SltiHilfi interaction formula RfHilljtiWyRtinnBjHmtirijfiBtitt 



UIMBti 1.0 lutu 
M ,. r 



M 



uy 



faM 

nx </> b M 

r 



<1.0 



(5.14) 



mHfnjnR mHlfnnssHsnrm§i designer iJinuBnnaBMuJlHmiiJtiiHginBifimBliWBMuJI 

Litj i m ot u 

HtDlBjn 1 AISC Section HI U m EU ti tUi Gj U fd [HI U U B n R1 H H Rj Stl§J interaction formulas Hi 
ltiEUHtBfd[H1HHSR?RHHfiI?its gaHmiBtRWTHIUUBRRIHHRIB (imtiBtiMRRHnnUlfiMTHIU 

uUdj O v U U Lj & O O v 1 U 

mnjiiasiBinaflnn S) i tiiHrastfHHtfnRniSfd tuimRiBUBRfliHHRi itiHBwnnmiBRfliH 

<=* v U V V n Li & 

HRjRQfl 

p M Af„ v 

— ! % — + ^ + ^<1.0 (AISC Equation Hl-lb) 

2(j>P n <f> h M 

nx ny 

jyMBIUUBRfnHHRJ P u =0 IB18MHRinB8[fif|nBtiMHRlI 5.141 

HREjtbQtLntnSo IRHBntJmunnMMtilUMHSRlR I- Si3 H-shaped UJUJIRltilBtUHRI 

l l n l A U rJ 

isnmiBi rtiMsramramsi fisaHistrmnjiiriJHmi TRtiiunaliJtmRiaintuBaHRnsiimiuM 

OUc* 3 m U 7j UvJvJ 

flHSHIG buckle Rl3BMUJlltijl31BjRIB titsiSi lateral-torsional buckling HSIHStilfiTlSfrinn 
tlfimsi yiMBlUIUnamBtURIlil: compact 1318 

M ny = K py = F y Z y ^1-5 M yy 

itiEU M yy = F y S y = yield moment M[tnUHRJ y 1 M[H1UH8R1R I- Bti H-shaped itfUJIRlti 
113jUHRJ18Jim IlJBSMUtiR 1.5 M yy StfElJUtilSG ( Z y !S y StiGtiltf 1.5tilBB) 1 [BMBItJJUnti 



til noncompact nfdfdi3ltiCU§Jlu1tIl AISC Equation A-Fl-3 fd[H1U flange local buckling H 
web local buckling 1 ( [RU standard shapes ?tiW[fiftnBWjUtilflintlIBlRti Manual HIBJBBti 
compact tiBlBSflHIBIRRtnBIR flange local buckling Ifitfrnms 1) 



Qgnnmn d. 9ti: w 21x68 mfmBtmtftGmmmBmftinitnBmtfti 1 2 feet 1 amntimrajtitf 

Ljjj U c* U m Li u oj n 

mfwBtiingmmtjimBimtJBtJ 7 usmamnmmw: shear center 

Uv U 1 & c? VI It 



§a 
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M ux = 200 ft - kips tW tS M uy = 25 ft - kips 1 [UmStUtm[U A36 ffigmSSUtniTIlUffStW 
mm a isc Specification? msntfissamanituammmtsltmmtfammss i 

1 a \st y *st Lj c* 

thorns ffmm: tmsmWSSSStSSlt}t[mffm[SlU A36 n Load Factor Design Selection Table I 
mniLtfl compact tWtS 



L p = 1.5 ft, L r - 22.8 ft 
(f> b M p = 432 ft - kips, </> b M r = 273 ft - kips 

The unbraced length L b = 12 ft, u&tSS L p <L b < L r ttntSmsmnnnnmStUtUUnmmsIm 
elastic lateral-torsion buckling ISIS 

Lb ~ Lr 



yix fib Lb 



Mp-(M p -M r 



L r Lp j 



= Cv 



^b^L p if^b^L p ^b^L r 



Lb L { 
L r -L p j 



<</> b M P 



rtfimanfffffiififffirinaTttif. c h =1.0 tints 

y U U 

12-7.5 'j 
s 22.8-7.5 y 

qjltilnitqjn msiussm (/> b M nx n beam design charts 



^b^L nx 1 



432 -(432 -273 



= 385.2 ft -kips 



tultnmvmna compact ptSSflSlS flange local buckling tints 

</> b M n y = <f b M py - <j> b ZyFy = 0.90(24.4X36) = 790.6m. - kips = 65.88 ft - kips 



— z v 24 4 

mnnsnt ~z. = — — = 1 .55 > 1 .5 

Ul J s y 15.7 

uGtSStfU M ny =1.5 M yy =1.5 FySy = 1 .5(36 )(l 5.7) = 847.8m. - kips = 70.75 /1 - kips 

<i> b M ny =0.9(70.75) = 63.59 ft -kips 

nmsmi 5 . 11 



M, 



M 



uy 



200 



25 



f) b M nx 0bM ny 385.2 63.59 

ffwm:w 21 x6S [mims 



= 0.912 < 1.0 



(OK) 
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mnHgto: usmtinrasffirasfnrifnH shear center 

i n 

tSitntUttJtUtJSRHSiRHSfnPimH shear center JTJMH8R1R W Sta AJAR HSttiti flexure UR 

<sj 1 n 1 a <=t y 

sfl torsion i TuwBiuHiBiBiBltnB luntaniimtnTHiuMirt^auS atanimraiTnilmTuiBHTtitnHB 

Li C V Li Li U m y Liu Li e*J 

[UTIrBr 1 iimirarj torsion talRtt rolled shapes fifdfifinm ItflffiiffiflSflifllSTfmffillfllHffilRTtJ 

IS. in ot v^t> syb -v> Li y Li 

tmn|u!tnwi inHiBinmmjunmiJwtiinnii:tiiHRM|jnntutnan9aa design aid jflujtns tsl 
Rfl Torsional Analysis of Structural Steel Members (AISC, 1997) 1 CURShhtSfTIJulfitJSfiUjCU 
m^nnsiHis torsion TfiftnBuiJimialfiti ms tf.tinla i uBRtiuTRftnBtfiRiBlitijHRirawrmu 

o Liu in -o c* V <Sj |Tj Liu lJ iu 

SiaiWmaiStMRHIUMflHamHfnH shear center IUWH8R1RIB1 TUMBttfrmtiRRnimBflintij 

1 n O ~t. 1 Li «n. 

sfl imamBinniRHitaiBl shear center itfimulau couple i E3t5tsst?TsscntnsmnstiJst3tE3njtii 
I^tilthfflRtntita^JlB HinRlfilTlH shear center URSA twisting moment tiBltinJtnBUtnn] 1 

islnfl mael.art b intnBRUMtinBmnHmtiJtiiTHfuJigTMim InnanmntiBm i 

ct z/ l V & y Liu Li y ct 




/fr^^^/ntJirnBBiiJniMTHnintifnnihsTimmRinJimtinna* i tslntimstf.^tf a ir 

V in -o uu ct U ct y 

MBRtinnsiaiwtitijafnMMtiMraiglaaRUMfiuBRuJRi laiRh mStf.drf b uumufu (twisting 

v/ * > tu n u i n i iu ct z/ v u c ’ 

moment) TRftnBBUltfim couple ttinJ^hBTattJiraB3RClttMR1tBHtcittUfiJltJ3Hra9 1 RlHltSTU 

' Liu a *J vJ <in -*ct c* cu u Li 

1 

utirtuIuiuj iRHiBMaRtsiwiuaHm5BuaaRHit3iJiBiiJim!BTRnRi ^ tfBtss unriTRftnsmmjsm 

Li n^>euw ni vJctu in Liu 
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IBltflfilimiB bending JHfiHUntini tarantiBHm99BWUBfitnHJm: shear center 'I RtJfinB 

mnBHmsttiwtnBnnnJiB'iiBlnti ms HsrnHlnralintiitTiRniinitiiuiiim* TRftnsntnjtun 

u cx jj i U n 1 run Uu 

taimsTtjmsfnnfnHHRf y t3ms§ islinwntninimiMMtiiuMiuMwiuiBitii iTuntHfarrm 

U o O - v in ru Uru 

RtiJTicurarj z y MfjnuHSfrimiJtiiinBiBlRafnriti i 
Design of Roof Perlins 

itilfimtitStJW (roof purlin) (sloping roof system) ItlEUitiSfH 

Htineinjsra (biaxial bending) IBynnBIlJUIigUBtinnJiBl 1 Mynti roof purlin itiWUtiltmsIfiti 
ms fi!^s , UBRHiBBMU}1ntnTi iRHmiBminnmtBH ^ WfisimigmnfinugmBSTniBti/zr# 

v <* euJ O U 3 a Lm z/ 

ti.tscfa'x nnMtiinaiBiBafiutiiBauiSR bending ibIuhri x luimnuMtirMunRBHiBtuHm 
y Jtirofn 1 JTJMBItJ purlin [R ftp S p ul ffi 9 [H Ml H CTh Si SR trusses ( U rigid frame rafter) HHti 
nRHfiunnii3juHn}BHm9R wL 2 / 8 iiJui w tinnuMSiuMUBm sag rods fnsta 

lateral support fflHHRj x HJ1 tB Stitfl 9 [Hid jWj H fij y ItiWRfHffijnR purlin tflBHtjlU 1 
rarmti sag rods ftiUJmBHUnniW IHHIBITUIUHBMTinunHtiimBinti Part 4 of the Manual 1 

Lj U ^ n U ct ct 



Qffitman mnstfuw trusses tunmtiicmslnti ms ttimmsfinnunm \5ft. i tti 

mwtimfwsuimslrnjmw smsimffnsGmwmmmffmsitim i mm ft sag rods rsimunni 
purlin SGtSJV 1 US ft gravity Mm ftiWffiffmflfSltiSUSrtifflUliJfiJSfiff 30 psf httidutU til SHI 

1 V V IS is 1 J cti z/ u 



m FIGURE 5.49 



y 



* 




y 



188 



Beams 



IsjimstjiBnwmsmsanfftji 



Department of Civil Engineering 



BtitinnGfmBnmtfnwuBmtfttiiJBtiija i i^mMantiifi^wnsimi^RUBmTmjtsiR tsitratiJn 

4 _/c 5 » c 5 i 83 Li ot 7 J Li 

A36 StffffimiJnJ W-shape tufUtTISriffed 6in. 7 




tkorntnonn: mmuiunsiuiusmsg usmtti unsti roof live load itiitnmssw stimm 

4 / L-> 3 3 c 5 i c 5 i v J eJ Li 

usjusn (A4-3) stiuismytitfitim: 

w u l.2w D +l.6L r =1.2(15)+ 1.6(15) = 42ps/ 

tit 

15 Vl0 



2 3 



= 7.906/?. 



tms usmmttjimnif = 42(7.906) = 332. lib / ft 

1 

fjufJiimti = - jL (3 32. 1) = 3 1 5 . lib / ft 

fjyMtitfJU = -J=(332. 0 = 105.0 lb /ft 

3iJ M ux = -(0.315l)(l5) 2 = 8.862 ft -kips 
8 

tfiuffisti sag rods funjtPmslMWGmwmfumwtisBmv isisttirinntfffiGBtfiunrinjtimBSfj 

v ° in V Ct C? 

tSpDJ 7 £1 “Beam Diagrams and Formulas” section in Part 4 of the Manual, BBuKlfitSlfEG 
smsitihPitjiBwstimntiusmnHwmtm 

U Ct V tit V C? 

M = — wL 2 

16 

to w = uBftnrtnmiN 

tit LJ v* 

1 

l = [uiftjfajtj (mtfnimm) 

tPBffismsmsImmtimtim BBfifnGssmtiiw superposition : 

V <*> C? v U 1 1 

1 

M=M max =^-wL 2 (2)=^wL 2 
Id o 

tiGfSS M uy = -(0. 1 05/1 5/ 2) 2 = 0.7382/ - kips 
v 8 
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tSmtfltmtijmntitiiintmti tm beam design charts stffrflmJmuntf&iuffismfrjMiimu 

eJ U y eJ U U y y in 

ffnjsitid y tajmu unbraced length 15/2 = 7.5.// . (iMiWJti W 6x9 1 

Njmu C b = 1.0 , </> b M nx = 14.0 ft - kips y P JUS &L9&! b C b = 1.3 cd[tnumn8afJUU8n SiJ 

i 

nmsansmsitiwamss y timss 

a s U c* y 

<t> b Mn X = 1 .30(14.0) = 1 8.20 ft - kips 
Ut3 <f> b M px = 16.8 ft - kips < 18.20 ft - kips 
</> b M nx =16.8 ft -kips 



mnttiSS compact ublSS 

V 1 V 

<f> b M ny = </> b M py = (j> b Z y Fy = 0 . 9 (l . 7 2 )3 6 = 55.73m. - kips = 4.644 // - kips 

Z v 1.72 

ms — ^- = = 1.55 > 1.5 

' n 5 1.11 



tifSIBS 



fhM ny = <f> b {\ .5M yy^= <f> b {l.5FySy)= 0 . 9 (l . 5 X3 6 )(l . 1 1 ) = 5 3 . 9 5 / n . - kip s = 4.496/f -kips 




mw y nm urns 5 . u 

V 



M 



ux 



nx 



Muy 
(f> b M ny 



8.862 

16.8 



0.7382 

4.496/2 



= 0.856 <1.0 



(OK) 



cv 

V u = °~ 31 ^ 15 ^ = 2.363 kips 

P factored uniform load table : 

<t> v V n = 1 9. 5 kips > 2.363 kips ( OK) 

mffar:T[uw 6 x 9 1 



(Bending Strength of Various Shape) 
W-, S- SH M-shapes til hot-rolled shapes ltitUim|dtiims1fi3|Hluf H tUlGI bending 
strength IUMflTHitnBWtunuri81i3lBH 1 UIBinni8«nmrUIurU3ltili39I9t*ltil flexural mem- 

G Lru U 1 n su U v \J |J 

bers ttij iuimRa!gmB8BaaraimMiaurimitiw9jitiM aisc 1 wHfnjsitfjffjtnsn Chapter f 
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1j Appendix F of the Specification 1 tRcjj Nominal strength M U compact Si3 noncompact 
hot-rolled shapes UtBHBIHBfiJTtnU slender shapes UIun43totinffr43nftifiTJB8I9 1 RtiltifilBS 
HBtnBtiraBigmmiimtfifltHttusig mgmtmtin §.99 umtuslmmonsin flexural strength 

n v tu v- v 0 

HJfj structural tee-shape 1 

gBltiWtnBttjununBltiuSH MHmiHM|jnU nonhybrid section ( F yw = F yf = F y ) 343 

fiirmufiinjinmnthnin* (HSHisusnfFHHnng) i 

U i run dj O 

I. Channels 

A. Width-thickness parameters for flexure 



1 . emu 



cu 

b f 

; - J 


2 - 


65 


St3 


A 


141 


(fiipuus) 




/ip 






A*-- 10 


bf 
X - 7 


Ap = 


170 


343 


A r 


370 


(fijpiUIS) 






Fy - 69 


2. [9S13 














k - h 


Ap = 


640 


343 


Ay 


970 


(fijpiUUS) 


t\V 




Fy * 10 


*=*-. 

t w 


Ap = 


1680 


S43 


Ay 


_ 2550 
” ^ 


( fijflnu IS) 



B. Bending mjUHRjSItS [tflHtB ( 1) USRHSlRfflfifflH shear center rifimfijmsl 
R43U43TfdUS43TSS43 tl (2) miBUTUJCTtiBtimilHnnalBimBUBnHBin S43tSlTfT43 

cttuU Ui-vi U u idjin U 

sp : M n Samrjpu i-shapes (tHWign g.g sti fi.D) i 

C. Bending IBjtJHfiJlSJim: M n SGRIhipU I-shapes (IHtlllgR ti.Sts) 1 
II. Rectangular Structural Tubes 

A. Width-thickness parameters (UJEU ffl ft. 9) 

1. rmti 



aF, 


. 190 

A p- nr 


S43 


3 238 

Ay ~ 

/ T7 


(ftipiu US) 




Vy 




yj F y 




aF, 


, 500 

p ~ nr 


S43 


, 625 

Ay ~ . 

/ T7 


(ftipiu IS) 




i F y 




Vy 





2. [SSi3 
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« h . 640 

A — — , A n — 
t JF 

1=-, A= 
t 1 JF. 



SiS A r = 



970 



y 

1680 



( fdjWii US) 



sis /U=^=£ (M^nuiS) 



njwBimRHaEiSBinnnTtnntf b sis Autajuisimislnis me ef.ef9mK\sm 

U U Lfl -o C* 7J 

wiBuJiHJHJRBgiswra unHfjfdratinsisutiismrafj (tumrniniMiiJnBU 

'■'fc ) -Si n I U 3 

TtiaiiJtmnBialna Manual nnnnnjmmtstTfrlttinn^ti it > i 

Li 1 ofc Li 



» FIGURE 5.51 



-b 



I 



u 

B. Bending rajUHmmiS (UBfilBlniSUtSWIHTB) 

U Utu <*i c^suiLi 

i l 

1. junta compact 

MTHlUraniS compact tJ M fdiS 3 iS film tU fdlSfn HR till RIB lateral-torsional 
buckling (LTB) 1 



fdjWii L h < L 



M n = M p < \.5M y 



fdfHIU L <L b <L r 



=C, 



M p -(M p -M' Lb Lp 



L r L p j 



Mfjnu L h > L r 



M n M C r — M p 



(AISC Equation FI- 1) 



< M (AISC Equation FI -2) 



(AISC Equation FI -12) 



tBHJ 



M cr = 51000C bJjA us (AISC Equation FI -14) 

L b' r y 

393000 C b 4JA 



L P=- 



L b' r y 

3150r y sfjA 



SIR US (AISC Equation FI -5) 
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L r - 

L r - 

M r 



25855 r y yfjA 
57000 r y 4JA 

M~ P 

393000 r y yfjA 
M „ 



= F y S x 



SIR IS 

ct 

SIR US (AISC Equation Fl-10) 
SIR IS 



(AISC Equation FI - 11) 



2. JTJni3 noncompact : The nominal strength IMStSRIHItjIURtslfltStfilSfilH 

V A v* nj V iu 



IlJWtnaRimmMIjnUWlBfTinnimR lateral torsional buckling (LTB), flange 



local buckling (FLB) U web local buckling (WLB) 1 RIj]TIURJISffin 



3HHI9 IS local buckling SlflHJ IIMMti|RftnBn[mRnMHmi8iai|fTlH: 



M n ~ M p (m p M r t 



X — Xp 
X r —Xp j 



(AISC Equation A-Fl-3) 



C. Bending mjUHRjISJItll: IlHSHIShTISfnnfianfi LTB ft! [HI U jJiU IT! ni3I u til Ifl 



minmnjuHnjiSfimiuMfi a 

1. junta compact 

M n = M p <1.5M y (AISC Equation FI -1) 

2. Jtinfl nonompact: IRRnSRI FLB Sti WLB fllHOISfl AISC Equation A-F- 

v 1 Lju u u 1 



1-3 *1 

III. Square Structural Tubes 
A. Width-thickness parameters 



x = ~. 


II 


Sfl 


- 238 

Ay — . 

/ T7 


(Rjjtnu us) 




V'v 




Vy 




-Ci 1 * 

II 


- 500 

p ~ nr 


Sfl 


. 625 

A/ y . 

/ T7 


(M|jnu IS) 




i F y 




V F y 




Nominal bending strength 









fiHsmsfinsfnnRtuifiLTB rditniiranflfmj (UBRimtiniRms) a 

«>■ U v -KX l 



1. junta compact 

M n = M p <1.5 M y (AISC Equation FI -1) 



an 
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2. Junta nonompact: MMMtiTRftnBRIUinuJim local buckling ttJlKl WLB TJ 

V *- 1 n Lry C7 -ci 

FLB tultUtURHtUtimfijtlJ Rtstfuawn 



M n =M p -(M p -M t 



X~Xr 



K ~^p j 



(AISC Equation A-Fl-3) 



IV. Solid Rectangular Bars 

fi3(H10 rectangular bars mSfTinRtlllRitlCUfflijHSlRtnsH LTB HfjnUHfiJCIR 
8113 local buckling HStHStilfmSfnnfltldRMTHlljHRinFiSIll TJmSflHJ 1 
A. Bending mjUHRJ81t3 



Ed [HI U L h < L 



M n = M p < 1.5M y 



Ed [HI u L < L h < L r 



M ,, — Ci 



M „-\M 



Lb Lj 

~~ L p 



(AISC Equation FI- 1) 



<M „ (AISC Equation FI -2) 



Ed [HI U L b > L r 



M n — M cr <M p 




(AISC Equation FI -12) 


to Mcr = 57000 c„JTa 

L b /r y 


81R US 

ct 


(AISC Equation FI -14) 


w 393000 CuslJA 

M cr = 2 

L b> r y 


SIR IS 

ot 




3750r y y[jA 

Lp Mp 


SIR US 

ct 


(AISC Equation Fl-5) 


25855 r^JjA 

L p = 

7 M p 


SIR IS 

ct 




5im)r y sfjA 

Ly 

M p 


SIR US 

ct 


(AISC Equation FI -10) 


393000 r v Vx4 

L r = 

M p 


SIR IS 

ct 




M r = F y S x 




(AISC Equation Fl-1 1) 


Bending IBjUHfiJISJlHJ: 






M„ = M p <1.5 M y 




(AISC Equation Fl-1) 



V. Tees and double-anfle Shapes 
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A. Width-thickness parameters 
1. Tees 



a. rmu 

m 












'*-1 

<N 

II 


Bi3 


A r — 


95 

^~y 


1HHBI|U A p 


(MpiaUS) 


<N 

II 


Bti 


Ay. = 


250 

^~y 


mHStfU A p 


(MtjnUIS) 


b. [ssa 












1 ** 
ii 


Bi3 


Ay. = 


127 

^~y 


IRHBI|U A p 


(M|jnnus) 


| 

ii 


Bi3 


Ay. — 


333 

^y 


IHHBItU A p 


( hlfHlU IS) 


Double angles with separators, either leg 

1 rj ^ 

A = Bti A r = IRHStfU A p 

f y] F y 


(M|jnnus) 


-O | *- 
II 


043 


Ay. = 


200 

,/f7 


IRHBI|S A p 


( hlfHlU IS) 



3. Double angles in continuous contact, outstanding leg 



A = — . A r = 



95 



mnstfu A 



„ b „ 250 - - 

A = - , A r = -r= mnstfu Aj 



(M|jnuus) 

(M|jnuiS) 



b. tiiHmuBmainautiMiHrg 

li <=* nj 1 U 

^EI y GJ 



M/i M cr 



L h 



B 



■Vl + B : 



UJtll M n <1.5 M y £djWj stem liamiffllj 
M n <l.0M y Mflnu stem ItimiMtiH 



B = ±2.3 



f d A 



\ F b ) 



M y =F y S X 



(AISC Equation FI -15) 



(AISC Equation FI -16) 



an 
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imTUNtmufiMTtnu b lalinniitini stem jtifnjsim tuimwrrTitJmalintijta 

U m v U -o m 

stem liamiMam^raumaamtiHMmHUinmm unbraced length 1 

n U tu n 

C. Bending injtlHfiJISJim: 

hlfintl nonslender shapes (A < A r ) 

M n = M p < 1.5M y 

VI. Solid circular and square shapes 

M n = M p <\.5M y 

VII. Hollow circular shapes 

A. Width-thickness parameters 






1 y 

14270 



„ D 

A = — , A„ = 



3t3 



atj 



A r = 



Ay = 



y 



8970 

61850 



(M|jnu US) 
( filjWii IS) 



tficu d tiiHanBnsitiiTrTi 

n 15 . U 

B. Norminal bending strength: 

!iHsmsfijisfnnR[ui?i ltb rdTHitirani3Hcu ajfmj) i UMMtiTKftnamuin 

o. U v v ■vi i n Lm 

fulfil local buckling 1 
filjWii A<A p 



M n = M p < 1.5M y 



fil'L'tnU A <A< Ay 



M n = 



600 _ 

+ F V 

Dlt y 



S (AISC Appendix F, Table A-Fl.l) 
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VI. 

a 

Beam-Columns 



e).9. tMtSmpH (Introduction) 

i^inwiiJwHiamn^anfltiiiregTKftnaRntiiMMiiaRHiasTiHHm utfiBHititiJJtifRRinti 

n u U in U Liu eu U -oi c* nj 

OH (flexural loading) KH SflfdfiJJtjliraSJflSlRHIflSIflnJfl RHIflHfi BaRtritimHHRI 1 fltflRU 

v ct Li v *u ru eu U 

HR ^niMMMTHimr^auflwiBtSHBnnilH 1 MHTtRBTH roller raWGHfiTIHmmijtaCUSfRHIfl 

U U U in n u Ed U ct rn n u m 

RRRtaHiBBUBHBritemHtnnmm islinwiiJtiiuaRHaiHlnaaaHmuinjnmiuMnH i msnti 

ct n & 1 n vJ n ct i nc* 

fmuiriiMMiB* flisisiflsncujfl (BnnmBRiHRB wimmBtBiEiJtflsi MMitfiiiBBTfiftnatii 

V C3 tv V Li Liu 

HflRJflRHIflfdflfifdSfllHffiSflmRCUmfflttlCUfrimijlCUtnS 1 TUMBIUMMI^HlaRMTHimTt^a 

nsunie^w U U n U U U 

UttBffitilS ItfimBIHIUMfimtjfiltnftnBnnSigiH pinned BHBtiJtifa bending ItlCUfllCUStltun 

i 

nanBnmnBniiJtiiiTmstiiRnBnB i 

d* IS- Li ot u 

u!a fdTmuHtfmn^tfutoTGs Rsncumtinjstf msmHts IfltuHanBiiaiaiJTHftnBin 

in U nUUinLi a cu n Uu 

Wilts! beam-columns 1 nBlHUTl rigid frame iSlinfl/TU? e?.@1 MfjnUtllRSimuamiJtllSjHaR 
itifi AB HBTHHlHTBUanumTinTUimiMIB itiHmfltitlJHflfiUmTnBmSUSflUSRmflBBtldB P 1 

Li Li d* EUJ U «t> u n tuJ Ed d* \ 

HflR cd tirmriiilStmTfnsBrRtirfl irmsfiBuaauan p,+p ? lEftmHsmstjsmnHtfRumu 

n UctU dA l z, wn euJ 

turns 1 Htmuinntsl X-bracing UJnWjflimtfimfsjtflB mm sidesway ISltjlS8!mi]TIH 1 
MTHlUfrmittUTlBMUJlraM Pj HtJR ED SflJflRHTflmni luitUHan CF BtiBJTtlMBW bracing 
element TfiftnBRimBllBHTBUIfiRtntiSirn 1 maMTHIURIimiB* HflR CD TRiumBTJBR 

Uu Ed iu -o i n U n Uu w- 

p x + p 2 n c ibI d *1 



M FIGURE 6.1 




Sff-MMf 



197 



\T.Chhay 




HUTiIsjictirafjiuiafiBcu 



NPIC 



HtinumTiraMirmtilBSRTfiftnBnfitfi beam-columns 1 igltilBBltittij HtJR AC Sl3 BD 

n euJ U Liu n 

smmmrmHfisnRjrarj p, i tmrantss tslreiia a sub HHtinnrHftnBumBriHaHuJRmHim: 

U rp 1 U V Liu U* n 

niuiliai mramsHHmssmnmsjmsi^ csti d luimfitiHMijnuinu rigid frame isisb 
HH tiBntiIB*Hti^i3HHtillJWtnBriuBn8iamflimi MMJtillJBBIBlRti rigid frames til beam- 
columns tiriffitisnnjrafdHHtintiHSTRJtnsiaicui ms MMiniMinmiHmtiiBiiJtmBifliisriiR 

& v Liu i m v 

inBTRftnBfifitilHtifiJtiRHitiMtifiBHnt 1 

Uu n cu n 

intUSJgmumifiltiiaigtRIUM beam-columns HIBtiUISlnti roof trusses 1 imsUtilGHRl 
top chord TRftnBRHtilHaHItiR«ii3MaHmHHmmiJim TUMSTO purlins raftnBfiimalBIBl* 
sicin mnaranRHiuMfiBauiSRtii bending itiWEftGmfiTriftnsBriRtimmthis'n mrimassti 

m u v» n Liu c* 

rnftnBntunmBlnafinmB* i 

Uu U ct u 



S.to. MHfTlIHBIfiH (Interaction Formulas) 

IfdHfnnrafjfdHfnj 2.3 mQ|RJtnsrjnrjml 3 S(Hl 38 im(mH: 

XMUl.o 

<t>K 

y Z load effects < | 
resistance 



(6.1) 



JUMBtUBIB resistance IfpS^mRSmtinS MHfTlI 6.1 HIBtfiftnBMnMIRtiBtHlilfi'ltll 
IBM interaction formulas 1 tiBtatnBIlfunuiBlRtitiEIR Ec TfiiBtiRBHiinfinJSfiJ tiCUtims 
titlUBjB load-to-resistance TfiftnBRnJlfiTfiHHmilRRl 1 ElfflUmifi TBMBIUIRHBiRml3HHtinR 

J Uu Uun U i o u 

BtimritiRlHHRI interaction formulas HIBMItMItil 

cu U 

P u M .. 

— — + — < 1.0 ( 6 . 2 ) 

M n 

itiCU P u = UBRMtifiRlHHRJIHfillJl 

<j) c P n = compressive design strength 

M .. = HHfinRIHRim 

LI u 1 

(/>l,M n = design moment 



MtmuHHMnisM fiBaBiBtiwiBtBHHtinRrii 

U u U V 
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Pu 

$(■ P/i 



M , 



r 



M U y 
(f>b M n y j 



< 1.0 



(6.3) 



ttinj x aa y MuJIiwfninninjuHnjjc aaanj y i 

fiiHmj 6.3 tiiMHmnmtuiuM aisc Muntiaaniaminn aaianmasriHafy i 

rJHfrUnnsina Specification: HmMTHItftjBRBHRltaHIBfitHfiB attHmtBfRMTH'ratJBRB 

ct A u U vJ cu v uUUdj 

amtomafitHB i njwBrauBRRiHHRitnBfitHRB RUBRRiHHnnfiftnBR'iRUBtin ratmti 

O cu U O cu V w O l_»y U 

UBRRIHHRltatnBfitHB fifiHItf nfiTfiffilSmfifiSffifiSij 1 RTHfmilUM AISC TRltilS^nslRti 

cuucuUtj o-n uu Lru LI ^ 

Chapter H, “Members Under Combined Forces and Torsion,” irarajlnJtnShJiaUyBSiai 



M|jnn 



<t> c Pn 

„ f 



> 0.2 



<t>c Pfi 

eu'L'tnu 



2 </>c P n 



M. 



M 



uy 



(f>b M nx 



< 1.0 



ny y 



<t>c P n 
f 



< 0.2 



M, 



M 



uy 



nx ^b^ 



< 1.0 



ny y 



gsmmuiS .9 naicnnmiHBiRBMHmimaiB * i 



(AISC Equation HI- la) 



(AISC Equation HI- lb) 



qmtmnnd.Q: BB-Cdmfucuutnmcslnt] rasa . 2 bisstb pinned csinimiwa iwtmtiusnm 

wantimjtnm 1 mmamafuBtJHmmtJ ? nnntt&imHtimBimnmtuSmmBJffBmai aisc 

/ v ui "v» lJ tJ cu n -v» ei ^ 

Specification UtS 7 

thamsmnar: timtimmaurtmiatBlTitiitifi ei.cn BBtfcticimsfmsInti aisc Equations m-ia 

U v Ct ct ct y / r i ct 1 

t t 

St] b mCUSSStifn/WSmSsitSmBBiimSB (moment amplification) 1 CmCUmUlStSSSmUCW 

fssmwmnnufmmMBmmsm& i 

1/7 v LJ U n ^ 

Cl column load table tlcifcdSnllflSlfl EHti critic)' til BBflj (axial compression design 
strength) fBfij WSx 58 tilBtBSti F y =50ksi Sti[mft][UfdSBW K y L = 1 .0 x 1 7 = 1 7 // ff 
<j> c P n = 365kips 

t&imtmrmmmqfuffnjmt] iititmnm (design moment) </> b M n aj[Biuc h = 1.0 mnsstu 



ffff-t Vffl 
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II FIGURE 6.2 



200 * 



1 



17' 



A J 

8.5' 

' 




W8 x 58 

A572 Grade 50 steel 

* 'I?* 


; 

8.5' 

ir 


i 

f 





W8C1 beam design chart in Part 4 of the Manual 1 
frfjfflU unbraced length L b =17 ft , 



(f> b M n = 202 ft - kips 

mtnumsnnusn stftunsnjiGtimmuunnfsg c h =1.32 r w turns tf.Qtic) r 

U a 3 a si Lu u 7 u v 

1 

ftJf&Uf C h = 1 .32 , 

(j) b M n = 1 .32(202) = 261ft - kips 

mSBUldfSstitjlti (j) b M p =224 ft -kips ( lutUSStUWSpfpn beam design charts 1. uMSS 
design moment [pfWSFiimfBff (/),, M p 1 plSS 



f b M n = 224 ft - kips 
M u = Mill = 93.5 ft -kips 



ftnpti&iffifJBmmsiftBBffinmkuu 



200 



(j) c P n 365 



= 0.547 > 0.2 piSSifU AISC Eq.Hl-la 1 



<t>c 



r 



v 



M ux 

h M 



Muy 
nx 



= 0.5479- 



\ 



ny 



92 5 
— + 0 
V 224 j 



= 0.919 <1.0 



(OK) 



mtJtn: Htimssmnm AISC Specification 1 

n -vj 1 •> 
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S.m. tf HiamSH (Moment Amplification) 

‘JnnHaMTHiurrummmHi3Hii3fTunH aantnamHHmmtiiTutnaMTHiulHRtnaiTiHHm 

1 U n suOUUsuvJ 

mBRtHHaninm iRHiBiuMTJBRRiHHm ammtumsItntuJiHismHRQ) uiSRHHiagnito 

nj n & w v n V 

TRftnBnRumtiinafTiimmBfn m S S.m uiiimnBH-MMitjiHmuBRRiHHRi stiusnsstiHm 

Lru if. c t V in-OC* W dj \J <£n O 

nraitmhh TRtsBtuiB o [UTiHm!iJtiitnaHiBHHtinRiiJtiiuiSRiOTauJimuannTttimiMai3HHti 

Li'/t.Li] u 1) n vJ di Li sst y 

man Py liJnraiSRiOTaii^muBRRiHHRnnHifiBiiinRSRnHRtniiijnmiuMHaRi HHtisnj 

o .- 7 n dj & v. xJ ei n v 

Isis tnBRtHfnaiRisiaimaanniiiJtiiHiBmniJiufnaiRisi ntinirimB* TRiaRHwmRnnmnjHHij 

tu su ct U n o v 

Miuifiaa wLr / 8 + ps i JitiirrunmStu HHtimaHmSRmniJiumBHciiwmniJiuiiJtiitnBfi 

i ^ v o- n 

UBRggaHnn itJimtmnRHainBinfnniJiuMiuuJimtiiw (ucmtsstii nonlinear) luimuJim 

<* vJ i di m 

ftniiRiRHBwitiifnniJin iRRHBHiBRnjiB^thjtnBitii i 




Iclmfit^tiUjkHRl (ordinary structural analysis methode) ifltUHBBinniatilMgHR 
RFilRftnSIPiBfitjl loui[fiSHtIJ (first-order method) 1 IRtft! Iterative numerical technique 
(UJUJIRIUTITjI InSltRgfil (second-order method)) iBHjiRfnnfrra StiBHiisnJ msltSlSSHS 
HIBITUMTHlUmiRnilBlUflBIIlJ IlJtllflTRftnBITUtiigig1tilHmal3RHJBnnTgn Design codes 
S13 specifications UBTJTBfTlRlIBB raUCTIEUSIti AISC Specification HBtmRmnTUTtnM second- 

A U- Wet Li u if. ± 1 m Li Li 



Sff-MMf 
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order analysis U moment amplification method llniBSnTHimimiiimHHiannHHnnnilJtlltnB 

J 'Oi A U*j v 

ntustatun flexural loading (UBR9Bi3HRI UBHtitstiHtifi) itflffi first-order analysis US1UHR 

e» 0 i-J -v* u l n J 

HimaaiHtJimHHtiuiaH (moment amplification factor) iuHjBdHHi3SnJ 1 



ms 3.6 uttimHanBTHwiHmtiiHmaanaRBHm stifnnHSTRtitfoti (initial out-of- 

V in-onU mu & Liy 

straightness) 1 fnCluItJodif (initial crookedness) ISSHTijfdUjiflultli: 



. m 
y n = esin — 

' 0 L 

uJw e ^unnM9HRuiHiSua!iJnnRm9Taiain[iintii?tiit3 , i 

v vJ n c> 




MTHiuniiiBRHniJiiBiJBiiJtiitnaniJirTi 

U U e» V 1 ) in -o 



inintiMnMiBBinBBaisjmiinitJ-HHti 



(moment-curvature relationship) tiBSItityTlH: 

d 2 y _ M 
dx 2 ~ El 

HHtinfi m inmmiaii^raimiBnjnRSfitBRinamHHm p„ tnfuHRnuMHtiR i siurm 

BfilBJtglBJtiltflffl initial crookedness y 0 yRBtSfl'intJimJIBH y iflUIlMRlinRI 131^9 

snaniriHm BHtifi 

u v 



M=P u {y 0 + y) 

IlJimflaMMHRmB*I9lRi3MHRllllti"ltilMTtlI tmtiSSCUtJlS 

u <=* U u 



d 2 y 
dx 2 



P r 

1 u 



El 



ja 



esin- 
V E 



d 2 y , P u 



dx z 



El 



y = 



P.,e . 7DC 
“ -sin 



El 



L 
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tuEUtil ordinary, nonhomogenous differential equation 1 i ul tff nTI J f "I tfl £il H nl i u ijTi S £1 J 

SQisgfiHistuRBtidrniElsnn MTHiutimsniiBTHiiJtmnjim wnsimTinuJBfi 

v aaU U a a u in -o 8 3 Lj 

x = 0 , y = 0 x = L , y = 0 

isitnsstutfi fnntiimMwsnsliMfriin sti 

^ V «J 1 8 1 “X5 U 

CURStUlTmtlSR 

a s U 



y = B sin 



TJX 

L 



tticu B tjimmtiJ 1 ^Sfd!liSlfii3fi3Hfnilit3it3tM|CU IffitiSStUtflS 

su u ct eJ w 

2 



n _ . tjx P, „ . KX P,.e . tjx 
—6 sin — + — Ssin — = — —sin — 



Lr L El 

msstutnsmmtij 



L 



El L 



B = 



p u e 

El 



-e 



p u x 



tt 2 E1 / k_ 1 



El jj 



2 1 P„L 2 P “ 



ttitlJ P a = 



n 2 El 



= Euler buckling load 



ja 



utslSg y = Bsin — = 

71 ~ T 



L 



{P e l P u)-\ 



sin- 



7a 

L 



M = p u {y 0 + y ) 



D ■ m 

= p i,y sin — - 



{ p el p u)~ 1 



sin- 



7a | 
~L I 



HHtiHHUiHnmmaltnti x = li 2: 



M = p 
lY1 max 1 u 



= p u e 



= M, 



( p el p u)~\ 

\ p e IP u )~ 1 + 1 

{Pe' P u)- 1 
1 



.1 -iPJPe). 

ttJEU M a HSmstilHHamSHHRUJHI (unampliflied maximum moment) 1 fitifilimiB* 
lisscutnsn initial crookedness mStjlSlSiflH1t5tjlCUStiCUtSiISRSSl3HRI t)HBl3tn3 1 titslSilH 

u i n v 



tm-amn 
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FUinHHviUiSH (moment amplification factor) n 
1 



(6.4) 



1 -iPuIPe) 

titntiwtnsutunuHmuim stHmHfmfiHHtimsHmrj aisc mtsSMrannfiJHmi 6.4 

V U Lj 1 V «>■ l cu 



UStH 



Qmuimnd.b: tmtuirm 6.4 tuffJmwmtBmwmtimsBMrmmB-Mmtspmwm 3.9 1 

^ U eJ / v <-v. U ct 

dm/mranar: rtiimnnr Euler load P p tjittfhiUfjimiwBBtimsB mmfmnmfmrmmmrs 
rmnn fawfftimmSifiHfiJ x 1 mmammi Euler load P e Wimp effective length 313 



slenderness ratio uBSltitfJTlB: 



7t 2 EA g 
(. KL/rf 



( martin n 6 mumr 4.6a) r djpiuHfijrsmrnti 

KL KJ. 1.0(17X12) 5;; „ 
r r x 3.65 



7t 2 EA g 

(. KL/r f 



A(«ooo)(i7.i)_ 

(55.89f 



PdJBmr 6.4 



1 ~{P lt /Pe) 1- (200/1567) 
itinjutnmmrmBtgfti 15% nrarmtiner i iidutam 

in -Kf w v y fy. 



1.15xM m =1.15(93.5) = 107.5 ft -kips 



mStu: mminmtimsB 1.15 

or / v ^ 



e>.6. Web Local Buckling in Beam-Columns 

fflinimmUH design moment R|Hl§J|R?inS?ijH8fTlfifiJ|H1tj compactness 1 iSilHCU 
ifltumBUBRsnHHm TsstimraTPTUJtjmat^cu'mstsiniamniafastn compact i mwBttJtnBin 
HistJSRmHHRj |9Biamt3iBi8inBBi3Ha compact i iBlinwititmmtifi] A = h/t w , 

ItJMSra k < A p lunan compact 1 
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jTJhlSTO A p < A< A r JUntifi noncompact 1 

JUMBIt! A>A r mnaB slender 1 

ASIC B5 t Si ma Table B 5.1 ntunuBfRiinimfi&itiiTfTiH: 

Ct U V Li 



fiJTtflij -la— <0.125 . A n = 640 
L hPy P 



Ap = 



F 
1680 



j_2.75 P u 



1- 



fa p 

2.15P, 



( SIR US) 



y J 
\ 



u 



v 



<!>b p 



(SIR IS) 






, p 191 

Mtjnu — — > 0.125 , A = 



</>b P v 



Ap — 



\F 

500 



p 

2.33-- “ 



h p 



253 

>^= (SIR US) 



y 



p 

2.33-- 11 



v 



<!>b p 



, ^ , p 970 

L “ J faPy 



>^L (Bin IS) 



(SIR US) 



y J 



1-0.74- P “ 



— 



2550 



<!>b p 

P, 



y J 

\ 



1-0.74 -FO- 
</>b p 



(SIR IS) 



y J 



UJtll Py = A g F y , USnRlHHnjOTtnQlBHjlSlStlj^SfnnntUlR yielding 1 

Itfimwil P u tflHCTlR IRHSH1G[RRnSRJ compactness IUM|9Ba BtiHBHlBIljuifrjlfll 
ntiSRtilHStilSlS 1 ms rolled shape SJnintTlBiRIimSinTRRUtiR 665/ .[F\ itlEU HISS ratal HI 

it in A tu ~\3 v Ui \ p V 

nmSISHISTSSa compact UJimHBBlRgtiaaUBRRlHHRI *1 JUntitatriBISlnia column load 
table in Part 3 of the Manual t£3tUHSmnCTlCURSnJlTHf tnsnCUlfmt3TCTl tSIStRTRftRRnSRT 

~o8a L/u in ~o Lru Uti eJ 

compactness njfdTSSmUfdfl 1 lUntiUJUJtnBtmUHB compact RTRftnBRnilRUiJUTl tititSSTRU 

Li i v tu L Liu in ~o V U 

luruamtiHMiiJtiiHBtnBuiJifn tsisHissratftranamrnsisR compact t 

?i m -o 71 A 



gmtiwind.m: fun A36 ftinimsmnti wi2x65 [nfuiSuin^jitiBBtinn smsnmBnnjm 
min 300 kips 7 1 mnastj compactness mij9Bi3 7 

fitnimremtn: mnmssn compact mruiummmusnmuHm mrmsBSBismmwnmmun 

Lj V 1 LJ Lj fU tJ Lj 

l 

fftmffiftiJ column load table 7 UtS fBmUtiWl ItntiTtmnBttT width-thickness ratio ffimSStf 

u <=* / n eJ in -o Uu eJ Lj / 



Gff-t Vffl 
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P P 300 

11 - =0.4848 >0.1 25 



faPy h(A g F y ) 0.9(19.1X36) 



ufffSS A n = 



191 



253 253 



g y 

p 

2.33 lJ - 

<t>b p 



y J 



191 

V36 



(2.33 -0.4848) = 58.74 



F y V36 



tiBtBS A„ =58.74 



= 42.17 <58.74 



H dimensions and properties tables , 
A = — = 24.9 < 58.74 



uffiss rssm compact i aarntti tuTmumuttimnai f v tsis — sirnismuerntfiti 

v U 1 1 U U tv y . ai V 

253/ J Fy ttimtfimmtimGUtfmuej A p tiffiSg[SSMuej VO 1 2 X 65 StffSlfetfl compact 1 



e).g. BtttjntiHnni&J (Braced versus Unbraced Frame) 

AISC Specification UjUDUn moment amplification in Chapter C, Frames and other 
Structures” i iRHiBiHnniimaHniuJnnTmalnti lrfd: HmiBHTRnnHHtimaHiiJtiitiitiigtitijn 

1<N. Ll Ct d 

fnntfimuwHtiR aaHtmgtHMTHiunnrifiBntii sway lalinniitJniHantiiitiniuM unbraced 

nuULi d J n<=* 

frame 1 ACI Building Code MfjnUIURti 

riTStiUJlHJUjR (ACI, 1995) 3 WS e^BmJttimnHtiRmtSni 3 talna ms S.tia HUfiTRltnSStj 

U v in -v* n cx jj n Lm 

TtJS31r3Sr3 sidesway ITFtBHHtiSnmBuiHIR PS IlJtlITRiu!aHIBilWHH6Hnunnia1ni3Hl3R 

u J v L»u *>. v ct n 

tai8i niMBranmaHBTRitnBnrSa fiaaitiiBiaTaBfHHtigfii ItitmiinmiBlna m3 S.efb ttitu 

U U L»U U vJuu U1 -o c* 2/ 

UtSfiltfltlJ sidesway 1 HHtiSnnSiHISmHHBtJJHl PA !E3tlJUt31CTinrmmsmSHHaQl3 1 

n J v tu m -va *>» v 1 

iBHjMRgnwmtitinBs mRtuiHHamsH b, sa b 2 tnftnBituM|jnnHMi|ninB i 
HHtiuiBHiiJnnraMTinuHimBiTRftnBRimBiriuBmHnim BaHHtiiHnniiflBBiaiTrriH: 

V «>• U U Lru 1 V IV Cl 

M u = B\M nt + B 2 M i t (AISC Equation Cl-1) 

ttitU M nt = HHi3HR!lJH11utUfi3Sfi1jlHSH1S sidesway tRRIBJti imsthfiltmianjStiyHBnjpti 
RUJlHK nt HlSSffital no translation) 
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M i t = sidesway ( It HISSffital lateral transla- 

tion) 1 HHlilSolTlijIRRn lateral load UIuIUJEiTIj unbalanced gravity loads 1 

uanammintsuiSH sidesway njMBitfrTmtiHHfinHTB umisnssicn isisrfiftns 

<ij n -'Ll U i Li -v* l_»u 

uimuituHSHistdminiwmTs i M lt aaHiBniHiMMBTTUMBranmarHitnBnTSa 

e iU 1 1 m "t n u U U Liu U 

5, =IHHimHHl5lUIBHMTH1UHHtillJtlIIRm9Ti3IBlRaHamiJtlITRftnBriTSt3gUBi3 sidesway 1 

1 JV U u vJctn Liu Li j 

B 0 =mR[ldHH^mSHMTH1UHHi31tlCUtnsn sidesway 1 

^ 1 V o- U v J 

imiaaaujunutiminniimHHimmtjrii BjSti b 2 tsintatgRmtatxfnH i 



« FIGURE 6.5 P 

\ 

* 

\ 

\ 



3 \ 

I 

I 

/ 

/ 

/ 

/ 



A 




(a) 



(b) 



e).e). Hamslnmpiattiwnipia (Members in Braced Frames) 

i 

6.4 |HftnBu!uRMynuHamiJnin^i3fjii3ii3ai3 
sidesway 1 JU9 3.3 UiJl[TiriHl3RraingiB«lJtlIIl3HH6lBl&ll3Bi3IMm!lJtlIUlSH single- 

J V in -o n U u i s*>os n 

curvature bending ( miUntiUJtiraiSnmimtTl Bi3fniMl3Hia1imtiRH1l3inMHi3H) 1 HHittJIBH 
HnniHiinmBlTRtitnRmuntiiRHM uJromntiiumBfliHnthitn StnssHmisnmBmHi stis 

Li on su l v V V 

HliiHHBiJJHiTRftnstJRijmtufn i imsniMBraHHtiiBlBiatsiaHBiMmmiJim njMBiuHHiaHm 

Liu 1) V- c* Li V l -trt Li V U 

1 tu [fdU S rd [S SQ SI Sj m S D H tilt Sj fil EIJ |tn m [S S G SI Sj nl flBtiTJlSfl single-curvature bending 

luimHHtiiHHsinnn stiHHtisnmRUJHismRmsraisImim i 

u u vj E/J ct 



Slf-MMf 



207 



\T.Chhay 




HUTiIsjictirafjiuiafiBcu 



NPIC 



m FIGURE 6.6 








Mo + P u 



S 



fiBtiHBIHBtjlRinjilB IBlinwtoHthttBlBtitoHBiRTn§R reverse-curvature bending 

v l inn o 

t3ijul3nmts1nl3 ms s.rt i tsltncutss HH&HHRmmRtBlBtiinti 

V W ^ cx y V 18 V 

!9Ti3ialBiai8t5i39itirin HthiuiBHmBifriiti unt5tiiaHHtoinTMmaauBRsnHHm , i 

vJ nil tjo. ~<x v v i U dj O 

tiBIBSHthaHRUItmalRti beam-column m|MffiSl3mjrai3raRHHi3nBlSlRt3Hl3B 1 mi 

raalBmasrnftnannuJitmHmiii c m ItJtiiHBimainaiHmmHHtiulaH b ] i iHRimHHijuiBH 

Lru 1 ill’ l n c* l u 1 i 7 |o- 

tofjjltflGJMHRU 6.4 IHftnamURMimURIIuiiniRRUtiH titilSS C m Si3BS{jnlt5tfll3 1.0 1 
BTHiaBaiTmmiuMiHRimHHtimaHR: 

Li 1 Li IV «>• 



5, = 



r 

^ n 



tt3CU P el = 



l~{PJPe\) 

A n F 



>1 



(AISC Equation C 1 -2) 



g y 

xl 



7T 2 EA n 



(. KLIrf 



tsltncuticuisn p el tfu KL/r M|jnuHRjiaminR itoiHRimijnitiiTJMBfl'in ^< 1.0 (to 
TfilmStinJRSndtontSti) 1 

L»U c* 8 a U 



miRrmsitHRtin c m 

iHRim c m HBfRiRitoRsnjitonTStiiRthnm* i mmsHUBnnmHS ttituHtuma 

i ''(in sa U i run n U w 

naRB9tiHRiHBiRiaiBiai8Ba BtiHmiBtRHBHiBUBRBBtiHRi i 

<* vJ i n m i wU dj 

ms d.tib sa c ummnRinjiBiiariimaitiha* c hbr ab tfi beam-column totfiffm) i 

v in ~o n L»u 
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i. pMBiuHBinauangBaHnjinHinialiWHaH 



C m = 0.6 -0.4 



f M x ^ 

(M 2 j 



(AISC Equation Cl -3) 



M, /Mo tiititmntmBHHtinmaitiaraMHaH i m, tiimHiJiBSiHtBHHtiBaiiJtiiHtitiiia 

1 ^ U u i nAsu u l V 



m luim Mo tflfitHBtfia tSIgtitUmtUSaltiHISrJTHIUHamStmmaRaSTHareversecurvature 

^ eu Uw-Un ctU 

S tl fll R H3 S fil [HI U single-curvature bending (JUS e).£sl 1 Reverse curvature ( tattfltijultjHlS) 



mmsjtiisltncmticu m x sti M 2 lnJ[fdULSSGmsjmsmu y[tnfdLssasisjmsmu i 

2. M[tnUHtifiIi3UBR99i3HRJ IHUlBBIR C m =0.85 pMBraBi3raMfltRftnB9U|BJ31i3 
BtiRlftWBtilMBti l.O TtlMSraijlirafjflHSTRJtnSStjstifTljltU (pinned) 1 til St si ffli 9111313 

U 1 Liu a V l 



(end restraint) IRfinfilrifiaTfritTl (stiffness) mWHtifiltiWfTlUISlBti beam-column 1 HIRSHil 
STH pinned ^niRSIlilHmilJtllTRftnBiraMTHIUBltTlimHRnJlHHSuiBH iJBIBSflHBinaRUmR 

UA a a w Liu UU iu o-u 

UBmRtHIHRIlilHHtiuiBHMTinURinjilBSIBIlJtllflTRfRlBa C m =1.0 11 SI 8 Util EUR 8 Oil 1513 HR 

*>. cu i v u Liu c* rri a a i 



Sff-MMf 
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ttnntfMfi IBltiimjminamnnj (fully fixity) BtifijjpMmBfifiR (frictionless pin) filtfim WHIG 

numutim HtHRtnsitlJ irmsfiaatitiitiigtitiitiiginmBsn 

Ucuu Lj ne» r> 



a FIGURE 6.8 




I 







(a) Unbraced 





(b) Braced (no 

Transverse Loads) 



(c) Braced (with 
Transverse Loads) 



FIGURE 6.9 



iO 






or 



O O' 

Negative Mi /M 2 



o 



or 



o * 

Positive Mi /M 2 



lntm|M!iJwtnaiS9jijiiMii^tiMtjnuHaniauaR8itiggi3HR} c mimgrii) |Rltns^cu 

§JiSlfii3 section Cl of the commentary to the Specification 1 IHRtUlfflfiUatllEi 

C m = X + V p" 

H e\ 

MTHnuHangtHimHETi 

U n U m 
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7t 2 S 0 EI 1 

¥ = % — 1 

M 0 L~ 

tticu 5 a ttrim m q tfiHHtSHRmtniBl 

QtsissrmStutnsnusngiassaHnn memo w TRitnBHimmritmBmnnHmtiiiraaiuimTRftnB 

(U Lj <in vJ ] ' l_m <n. ~t> Li l_m 

taEtfcljISlRfci commentary Table C-Cl.l 1 



amwmn&.cf: HtimtiamtnmBltiisxm 5.90 tiiitirtrnai braced frame i usn stiBBifmfws 

n in "v» v <=* u & jj Uv 

i i 

tfnnmtiiffajuBmmnn ftntunvnmnfustiHmsiti y majBtmmm A512 Grade 50 tmtsa 

V & 1 U xJ tv U U rt 

fsg[fiu[msms? kl = kl y = u ft. 



m FIGURE 6.10 




M(ft-Jt) 



tfrn/ngrantn: nim^TfimwinumuaHsifimmm 

U Ujj U v n n v 

kl _ K y L _ 14 ( 12 ) 



maximum 



3.02 



= 55.63 



H AISC Table 3-50, </> c F cr = 33.89 ksi u&fSg 



fc^n A 



g\Yc 

420 



<f> c P n 647.4 



F cr ) = 19.1(33.89) = 647 Akips 
= 0.6487 >0.2 



uBiSgffU AISC Equation H I -la 1 

C* tv 



Slf-MMf 
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^ = A^ = 14(12) = 3182 
r r x 5.28 



Pe 1 = 



A gPy 



tt 2 EA 0 



^- 2 (29000)(l9.l) 



C m =0.6 -0.4 



4 ( K x L/r x ) 2 

= 0.6-0.41 - 



f M x A 

(MlJ 



(31.82) 2 

70 
82 



= 5399 kips 



5, = 



r 

^ n 



0.9415 



= 0.9415 
= 1.021 



1 l-(P u /P el ) l-(420/5399) 

(1 Beam design charts, tfWIBSui C b =1.0 StJ L b = 14 ft. moment strength 3 



<j> b M n =347 ft -kips 

&[ffimwc b fin'iwriu j us 5 . 90 ; 

c 12.5M max 1-25(82) 

2.5 M max + 3 M a + 4M b + 3M C 2.5(82)+ 3(73)+ 4(76)+ 3(79) 

<j> h M n = C b (347) = 1 .06(347) = 368/f - kips 

Ut8 (f> b M p - 358 ft - kips ( CWIflti) < 368 ft - kips 

timaitfU <j) b M n =358 ft- kips 

mtimmuin M nt = 85 ft - kips M h = o 

n AISC Equation Cl-1, 



M u = B X M nt +B 2 M lt =1.021(82)+ 0 = 83.72 ft-kips = M h 
H AISC Equation HI -la, 



<t>c Pji 



M, 



M 



uy 



01?^ nx *t b M 



ny y 



= 0.6487 + * r83J2> 
9 



358 



0.857 <1.0 



(OK) 



nwm: HBm3sn[m[m3 1 



BffmmiJi e).tf: BU-MmiumukUUtiinitSifitimS & . 9 <5 /##/ sen> ice live loads umukUUtilM 

nimr i HtimssmfwsnrStisitiisimtiGtimtvfisitini iwwmmmitifustiHm x i rim ns nr 

ct V n Liu Li j lJ xJ Lnj U 

tjlffiffpmssifiuiffisfnff AISC Specification 7 
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■ FIGURE 6.11 



20 * 



20 * 





\ W8 x 35 





T A36 





5' 


5' 




10' 







■ 20 * 



thorns Timor: usmmanB 

U C 5 > / 

1 

P u = 1.6(20) = 32.0 kips 

ttnmBBtifffimBifi 

V 

(l .6 X 20X10) (l.2xQ.Q35)(l0) 2 



M nt 



= 80.52 ft -kips 



4 8 

HtimsgmfwsnrBtiGustimmnnejSsititsti timss m„= 0 1 

n Lru U 1 jj LI 

tmnmimnniitimBB 

iv ^ 

sidesway iWtff unrestrained end ISIS C m =1.0 7 

i 

mmtiWMjfifitfltittiWWSn AISC Commentary Table C-Cl.l ff 

C m =1-0.2-^- 
P e i 



NlpitmrrjtBmfnt! 

KL _ K X L _ 1.0(10X12) 



' X 

2 , 



3.51 



= 34.19 



Pe 1 = 






(29000)(10.3) 



{KLIrf (34.19)2 



= 2522 kips 



C m =1-0.2| 



wmuiffffSmsff 



32.0 

2522 



: 0.9975 



C 0 9975 

5, = — J ,= — . , = 1.010 >1.0 

1-{P U /P e l) 1- (32.0/ 2522) 

MimuHnjtsminB 

M u = B x M nt +B 2 M lt = 1.010(80.52) + 0 = 81.33/? - kips 
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iutSjSStl] design strengths uUiKUnJiSl column load tables in Part 3 of the Manual fulU pj 
</> c P n = 262 kips 

oi • a 

H beam design charts in Part 4 of the Manual cdffflU Lf } = 10 ft Sul Q, =1.0 



(f>bM n =91.8 ft -kips 

Wimanr9ffBfffftmamajimmfmtifuBUUBffmtsrBBn/iB tsis c h = 1.32 n ras &L9tn c y 

es ct V Lj U U <£* 1 I' V 

</>bM n = 1.32(91.8) = 121 ft -kips 

mmssdtflll (f) h M p =93.6 . ft -kips ksjsscumsn beam design chart utsfp uGlSS design 
strength [fifwsmm[fiffmmss 1 tiEtBS 



</>bM n =93.6 ft -kips 



mffnsmm&SHSffiu: 

Lqj eJ v n n 



32.0 



</>c P n 262 



= 0.1221 < 0.2 



uGiSSipI AISC Equation HI -lb." 



/ 



J ll 

2(/> c P n 



V 



M llx 

h M 



M uy 

nx faM 



ny 



0.1221 

2 



81.33 

93.6 



= 0.930 <1.0 



(OK) 



smetrsw 8x35 fjfmipis 



00 f fj / — .1 (J a) 

Bffitfimn i).e>: HtimiinmtnmtBlffi] rasS.gla mmtin A242 fticumsmnti w\2 x 65 nnm 

n in -v <=t v cr v 

ffifTBBfuBntiJtiiTtn&Hmimnn 300 kips y tsifPisisrtntitfi pinned stistimtnsfmtisfBBti 

Uu U v cs. n 1 1 / a 1 1 a U v V 

mmui 1 35/1 - kips mjufhjjmti sti 30 ft - kips mjuffnjispm y tfjf k x = K y = 1.0 murm 
mmnfftimss y 

n n 

uUtl dlUld yield stress F y y n Table 1-2, Part 1 of the Manual, IV 1 2x65 
tjimntJfffffSnJin Table 1-1, faff A2\2 msnMMSWUtnK F y = 5()ksi y 
USlUUhTSj'n fff compressive strength 1 fiipflU KL = 1 .0(l 5) = 1 5 ft axial compressive design 

a > 

strength H column load table Pi: 

<j> c P n = 626 kips 

GO/nth mntiU&mthtmumNWY2x65 B noncompact fjpnUF y =50 ksi 1 
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8 FIGURE 6,12 



A 




135 ft ~* 

30 ft '* 



W12 x 65 
A242 steel 



A 

300* 



(UinSlHHtlClfit GjUHfifSlti (strong axis bending moment) 1 

r =0.6 -0.4^ = 0.6 -0.4(0) = 0.6 
M 2 



K X L _ 15(12) 



5.28 



= 34.09 



P e\x ~ 



k 2 EA 



g _ 7T 



! (29000)(19.1) 



B \x - 



{K x L/r x f 

r 



(34.09) 2 

0.6 



l-{Pu' P el X ) 1- (300/4704) 

tlmss t[u B\ x = 1 .0 



= AlOAkips 
= 0.641 <1.0 



M ux = B \X M ntx + B 2x M Itx = 1.0(135)+ 0 = 135 ft - kips 
(1 beam design charts tjlfftU L b =15 ft , <f> b M nx = 342 ft -kips C b =1.0 WltlJ 

(/> b M px = 351.% ft -kips ynm S &L9&!g, C b =1.67 ttfiffi 
C b x {(/> h M nx for C b =1.0) = 1 .67(342) = 57 1 ft - kips 
cugtfcufsstitjlti </> b M px tiff [SS [ [U </> b M nx = <l> b M px =351 .S ft -kips 



P [HI Si ffffiinmqjUHnftSpm ( weak axis bending moment) 1 



C my =0.6 -0.4 ^ = 0.6 -0.4(0) = 0.6 



y my 



M 



KyL _ 15(12) _ 

r v ~ 3.02 " 



59.60 
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el y 



n~EA g _ ^- 2 (29000)(l9.l)_ 
(K y L/r y ) 2 (59.60) 2 



= 1 539 kips 



Bly l-(PJP e \ y ) 1- (300/1539) a745<L0 



el v , 

tiffiSS tfUB ly = 1.0 

M uy = B ly M nt y + B ly M lty =1.0(30) + 0 = 30 ft - kips 
fuimeinmnmumunmss noncompact tmstJMajdmdnmfsfuamtsptnmiwananmtiia 

eu v 1 / e~i v U xJ tJ L/p 

FLB y 



k = - 



= 9.9 



2 tj 

X„ =-S= = 4L = 9.192 



A r — 



Fy V50 
141 



141 



^Fy -10 ->/50 — 10 



= 22.29 



fuitimnf a p <A< A r 






A — Ap 
A r —kp j 



(AISC Equation A-Fl-3) 



M „ = M m = F V Z v = 5 °- 44 ' 1 ^ = 183.8/1 - kips 



p py y .V 12 

M r =M ry =(F y - F r )s y = (50 - 1 0)(29. 1 ) = 1 1 64m. - kips = 91 .Oft - kips 
ttiiffitjSmmsIfitieJHmr AISC Equation A-Fl-3 itStiSSkUtflS 

V V <=* 1 u 

I 

9.9-9.192 ^ 



M n =M ny = 1 83.8 — (183.8 — 97.0 



22.29-9.192 



= 119 Aft -kips 






<t> h M ny = 0.90(179. l) = 161.2 ft- kips 



ffiUSHSffiUgf 

V n n fj 



P 300 

11 - = 0.4792 > 0.2 



</>c P n 626 

utsiSSifp AISC Equation HI -la.' 



P u , 8 



</>c P n 9 



M , 



M 



uy 



<t>b M nx (/>bAl ny j 

mum: wo 2 x 65 [mi [ms 



= 0.4792 + - 
9 



135 30 



357.8 161.2 



= 0.980 <1.0 (OK) 
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e>.ci HttmslRmpi3tt3roHSn|pi3 (Members in Unbraced Frames) 

i 

HH-MMIIlJtlltiiaiUMflints’mtlltnB HMutiHfimtntatnBn sidesway tflBIfflllBB 

C* 1 V V J V Li 

MfitBlinfffiBtiina i tiBtotnButiirniBlna/zrff ^.^HH^snmBtjjHitJ 3 cutnsn sidesway tsia 

tsiMmalttutsatna °\ tiBissfdTHiumtimss HHasHtu aaHHtigniHnniHitiimglTHftnauR 

«>• 1 3 TJ Li V U V V CJV V 

iimcum luimHBinimnHnnii c m ts cminR c m =1.0) i iBisntiiiBlicituiiJtiiinBmifnnuBm 
n!i HiBHiHHBnti samtntncutns i BintsiiiiinBH-MMiiiJwuainiiBlna^ i>.&m HHmmm 

eu v v 06 in ->j z/ v v*> cx 

tsIsnataiatnsHnn sidesway (Busman) i ubrrihhrj (iiJw^itiRHmtBuamiJtiiHiBHifiiw 
BH-fdfdiHstj[untu§|tns sidesway) TRftnBRnnmtmBlnaHHtiBaiiJn 

ct n jJ J L»u v. ot y i 



U FIGURE 6.13 








IHRimHHtiuiBHHtjnU sidesway moments B 2 t|)fWS§jMBfTlini 1 imnB1|UMHmi 



[uriHmntnBuJi HiTwmatimntiraTwnjMTHiitonfiimB'i: 

U Li Li u Li ct 

1 



ti 



b 2 = 
b 2 = 



l-HP u {Aoh'ZHL) 

1 



l -(ZP M /lP e2 ) 

ttJcu Y j p u =tiwyRUBmHR[miBliW|nuMMna1iti^BiiJtiinBii[ini 



(AISC Equation Cl -4) 
(AISC Equation Cl -5) 



Sff-MMf 



217 



YT.Chhay 




HUTiIsjictirafjiuiafiBcu 



NPIC 



A a ^ = drift (sidesway displacement) JUfjtflStuEUntnJtlJTI 

L# = tituymauamiJnmiaHMiiJtiiuiSH A oh 
L = RHfdtjlS 

n 

ZP e2 = titUURIB Euler loads ( iBlinwta 

riuisi p e2 intniip KUr M^nuHryiafninR ivosk 
unbraced condition 1 

titiiuniB/* satiniumB p p2 HsJms1raurdrdnSmSmslRt3tiislSfijnGirnjntiiHi3JEn t i 

V U v C Z- i Li «n. ct u ct 

imtutiwitsRifiatiniyRUBnmiariiMtjnuMHmiBiaitiiiiJimwii b 2 HBiHM|jnn unbraced 
frames mirajUMBIU sidesway StilRRHlS tm§MMJS1l3i3rjl^Rl3iJlStt3njnijlJnfnSl3 sway Rti 

intdtjiHmm i isInamiuitiiiraB in^auflrHftnBHimBiiBlnauti fists? ip.. BtilR 5 RWTtnu 

l) ct ct Li U U m Liu ct eu U M CZ. Li 

i l 1 

MMiiBltiiBinMi|ma t'mEutJsnsiti// ^uBRBiafiJnnnHiriiBlimima BaniwtiiaiiJtii 
ntninnn tiiHHJsi3A o/j tfitmRRtajtitfiimiH titmnjnA oh /'LH inBimnwnamHRim u 
UBRHIBIHffllJn tttftilBfijtfiim AISC Equation Cl-5 HlSCUR[Ui:[fiJ 

uJjaBaMHmiMunuBi iwmtiitiMunutitiiyRi 

aisc Equations ci-4 stici-5 TRftnBufuRtfiimlBnntittiRi mBialnaninjitiiiiBafi 

1 Uu O ct 1 Cl ct u 

statlcusfcustlcuStsen (Yura, 1988) i lalfiiaRinjtatiBBffitiJRtH b 2 smusfjmsiti ribubr 

n u rP u ot v ' ct u cu ^ l <=t cu u <zj 

BHRtlUWIUHBHBIRHBtitlJTI ItlimtlIBti[lIBaiTRim3l3HB8MH1IlBBI9 1 liBIlJtlltnBWtunUtl 

Ounn^i a l L l Gt U u U 

BltiltJu RinTSMUMRMRIBilWmniJlRITMtll funTMmBaRiaiRi3MHRin 

Li in Li u Li u ct 

RtimtlJTEfiElJ M„ t S13 M h IBHiniBlB[lilBfintiltiH1ia1lWHl3R fiBUttirmslRti/ff# 3.96 

ct ru ttc? i Oct n i) i_n ~o ct 2 / 

AISC Equation C 1-1 Sif^CUSftUStaCUtJlCUriJSirdtlj 1 

1 r> v a 

ms 3.96 UtncnUIBHIBlRri superposition concept 1 WS 3.96 a UttlCTin braced frame 
Jiasf mtausfissnni (gravity load) smiSRSIti (lateral load) 1 HHtilSl M nt ISlRtiHtiR AB 
tRftnBR[mBlUJimi|SlR gravity load 1 itfimflinMIHJp IRHBtRfRII bracing ttjHJfmmi 
sidesway nUBRIB* 1 HHmSSTRftnsmSHtilHtfJtilHtfJSmHRnil 5, iSHTRlimifiBritlJ PS 1 

- / <SJ v Liu ^ U U 1 1 w C3 

Mu BHtilfifOTRlRISti sway (ffitirai§RtffrtilfiimTJBRlfiR H ) BtiTRftnBUtBHlfilGJ B 2 uSHT 

tt u Liu ct «' n vJ <in Liu ^ Ed 

RiimiBaRantii pa i 
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m FIGURE 6.14 




tslma ms 3.96b unbraced frame TgfatJBmjmT1 1 UJimtmimifllRUBmBSHBMIHTB 

cx jj U e* cuj e* 1 u 

fnstams sidesway tjbbi nma M nt to?tns?TciJisit£3nmnmjcinnttit|^Tita^5'tnsn'[pt3 c ntanjfm 
tag uJimtinigTHuJnnRH aamnaratiRHTHfmiiJtiiimuTltii RtuistisHR (artificial joint 

Li tu Li wi> Liu n u 

restraint AJR) 1 uSHTRimBIHHti sidesway IRTRiHJfigTHfifiHIBtTl HflmtiBMUfimRtriiauJtlJinB 

eJ V J Liu U -o w su 

RtHIWBti artificial joint restraint UIBHIBgMUJltimm 1 RtiRIimiBg BHtiSHJ PA BtiinBfilH 

SU '* Id tin cX cX JJ tu 

rbiutim luimiRinBiBitii m u tns i 

TdMsrasititJSfiS'iti BauBRgBimHBMiHtg mHiBmsHRfnta ajr islinjusnsmm 

Ll tin dj-OlLl *N.fll tin 

jtnnti xaltncuitJcu M b [RftnsRtLnsn 



flsimitin 3.(1: fuff vki 2 x 65 jmtta ash grade 50 [tiff if 1 5ft aj[mmjmjiajamBlfttJ 

i 

unbraced frame 1 US ffff H m Stiff &tiGtiSS(UtflSn first-order analysis fSUSh'SSim ( US hi til 

u c5» l_/ V 1 U U ^ <#> "V> 



su-nmi 
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stiusumtfD mfuisutiwifsluti ras^a i tmmmaajnaniMwjS iwafusnusimu 

C5. Lty in Ct V Li 3 l Li 0 * -k* 

, t=H istlt) o> i2» ff ft , 'g , t) £=>! tt 

mfW8uimViUT9tuI 1 rag §. 9 &!b UtfUVnBBtitSUSBSJSntiSJWSn first-order analysis 1 B 

idnagTtJHoimafnBtJHmmtJ y iBFmjimfftfmtusjnci K r = 1.2 mBimmsway sti 

U xJ cu j Li Li Li 

K x = 1.0 eJlBimm nonsway fWUJ K y = 1.0 ? BiinBUiwusBisnimimiB AISC 
Specification BIS? 

fittimstemuj: mmswsumiSHmtlsj^nsfuts aisca 4 .i euswBisusumiji mmmn 

U Xj 01 U 1 03 & 

tmtiwmmslBSBGBmmni fanjmrusIusBmtiHfjBisusBsrcu uusumtif umtiBi y rums 

zj ~\j at di U -u <* -v« Lt 

l ill 

mrurnuusu (E, L r , s, sti r ) tsfutissmumssBsmfwsumm msiuihmmsmsfi 

Li c5i i <=t Lry in -\j 3 3 xj & 

mfuisfJttiBuGSimrmB: 

L/y 3 V Li 



1.40 


(A4-1) 


1.20 + 1.6L 


(A4-2) 


1 .20 + (0.5L or 0.8W ) 


(A4-3) 


1.2O + 1.3W + 0.5L 


(A4-4) 


1.2O + 0.5L 


(A4-5) 


0.9O±1.3W 


(A4-5) 



m FIGURE 6.15 







132 



15 ' 



M d = 18 ft_ * 
Ml = 52 ** 






132 ** 



(a) Gravity 



(to) Wind 



tsImmtuSJBsmUinBtUSusumUimuuS tsisusfusu(A4-i ) bibbs m fun y us! 

at y 0 t Li xJ 0 i ' ' Lry xJ 

ii i 

USB (A4-4) SiJBlSBfBGtjli} (A4-3) tiBISS (A4-3) BlBUmBBItflS 1 USJUSri (A4-5) UB1B 

i i 

mmwstumtmfistiBmimsjjiBnutiis (A4-2) y sat [mm mmsjusu (A4-6) stiBsitfns 
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TsifiuG (A4-4) twffiffHi&timsniwsnmfnmnjn f^njfsImnjwusmsnm^njwfwmmwiiB 

<=t jj ' ' -v» xJ cs. Ljy c* n 

(A4-2)3i3 (A4-4) : 

1.2D + 1.6L Stf 1.2D + 13W +0.5L 

ms 5.9 S utiimnusnmffHfff stiButinmtimnpmmninusfusftmtinnss 

v in ~\j <3> xJ v -\t xJ & 

xJ Li <=* U id oj n xJ 

KyL = 15 ft 



K X L 

r x< r y 



1 2(15) 



= 10.29/? < 15 ft 



1.75 

timSSf[U KL = 15 ft 

(1 column load tables tjTBtUSti KL = 15 ft , (j) c P n = 626 kips 
frjimtimsnnusfi (A4-2). P u =454 kips , M nt =104.8 ft-kips Si3M lt =0 (ftilffi 
emiwmmrg fwsffisffuii side sway) i fmnfiuHiinm 

I U V s 1 V 



C,„ =0.6 -0.4 



(M~ 2 j 



= 0.6-0. 4 



90 

104.8 



= 0.2565 



frj[Biumjtsfmnef 

KL _ K X L _ 1 . 0 ( 15 X 12 ) 
r t\ 5.28 



= 34.09 



( mmssms sidesway utslSSiAtjU K . dfftfllf braced condition ) 7 ISIS 

v/* •r y Lj A, Lj 

.2, 



^el 



_ x~EA g _ ^- 2 (29000)(l9.l)_ 
{KL/rf (34.09) 2 



= AlOAkips 



mmwfffftimsuejrtnmffti nonsway tr 

/ V n U V ^ 



fil =- 



r 

^ n 



0.2565 



= 0.284 <1.0 



1-fo/^l) 1 (454 / 4704) 

umsstp s, = 1.0 

M u =B l M nt +B 2 M h = 1.0(104. 8) + 0 = lOA.Sft -kips 
Cl beam design charts tilBHJSti = 15 ft 
<f>bM n = 343/f - kips ( Q, = 1 .0 ) 



aff-nmn 
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N FIGURE 6.16 





104.8 ft * 



(a) Load Combination A4-2 (1.2 D + 1.6L) 




Gravity (1.2Z? + 0.5L) Wind(1.3W) 

(b) Load Combination A4-4 



<j> b M p = 358 ft -kips 

ras &.9H) utiinintinrmBBBtinmruiuBHtihusFigsini y c mimuim 

V in eJ U y U v & ~\j 

c h Bwncufim tfitism timmi&fttitiprmmssBsuisfirii.-ejsisfg) r timas 

IJ tv z/ t71 cf eJ Li V 

C b 



12.5 M r 



2.5M max +3M 



A + 5 + 3M c 

12.5x (104.8) 



2.5(104.8) + 3(41 .3)+ 4(74) + 3(56. l) 
ejfmu C b = 2.24 



= 2.24 



(/> b M n = 2.24(343) > <j> b M p = 358 ft - kips 
timBitfU </> b M n = 358 ft -kips 
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mwnmffmiHsmmunjmffmu 

Cl yyt Lj 

P 454 

— — = — — = 0.7252 > 0.2 

< K P n 626 

tflTNfffnr AISC Equation Hl-la 7 



8 



(j) c P n 9 



M, 



M 



uy 



0b M nx (f>b M ny 



o 

= 0.7252 + - 


f 104.8 J 


J 9 


L 358 J 



= 0.985 <1.0 



(OK) 



Mimumnsanusn (A 4 - 4 ), p u = inkips, m nt =41.6 ft -kips mm 
M j t =171.6 ft -kips 7 edJBlU unbraced condition. 



C m =0.6 -0.4 



f M x A 

(MlJ 



= 0 . 6 - 0. 4 



40.5 

47.6 



= 0.2597 



P e \ = AlOAkips 
r 

B, = 



1-fo/^i) 1 (212/ 4704) 



r/*, Bsmrejmstmmsnnusm 

Cl Lj 8 3 & 

0 2597 

= 0.272 <1.0 



uEtSS 5, =1.0 

V 1 

rmtiffamagsmsimjimaruffjmwmrBmwBBmwB^jwaeJiBfiMiwiu sway 
moment P AISC Equation Cl -4 B Cl -5 7 TUMBimtStJaJBtttslllaJtafBrtltJUBfftnBHftf 
flinmBfttBmaJfftiit Bi 3 Euler load capacity BlBmBtfBfflmBlUmUOJtiJnBlntitjlB StitVfBlU 
MNjfiinmfftinmn/n isisunmnsmmi Equation ci-s : 

B i .. i 

2 l-(lP H /lP e2 ) 1 -{Pu'Pel) 

fJJJflU P e 2 t[B K x tuklJ [iff Sti unbraced condition.' 

KL K X L 1.2(15X12) ?) 

r r x 5.28 



Sif-MMf 
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n EA ^ 2 29000Xl9.1 . 

p e2 = 7 tt = — 77 Z = 32 66 kips 

( KL/rf (40.91)“ 



P AISC Equation Cl -5 . 

b 2 1 



= 1.069 



1 ~{Pu! Pel) 1- (212/3266) 
mtimsBmm 

v ^ 1 

M u = B\M nt +B 2 M lt =l.0(41.6)+l.069{m.6)=23l.0ft-kips 
tsisutiiButi M„ t 3iJM lt Bismtfsmmmtiim mnfimfwsmtffsnu&m twm c h 
stitsltittim i nnftmBmvGjmjmintiaj </> b M p = 358 ft - kips tilde sigh 

strength ttiiwBSfimmtimBwtslw i 

y jj vJ 



212 



= 0.3387 >0.2 



</> c P n 626 
titslSStjjJ AISC Epuation Hl-lal 



<i>c P/i 



M, 



M 



uy 



<i> h M nx 0b M r 



8 

= 0.3387 + - 


( 231.0 > 

+ 0 


9 

7 


(, 358 J 



= 0.912<1.0 



(OK) 



SWOT: HtimBgmntTmmfrrmuaiAISC Specification 1 

at n '\j Uy 1 J 



S.tf RIUimHSfnfif H-MMJ (Design of Beam-Column) 

ntJitnrmnsimamHSHsmHHisHmBtiitTQs imsmiHnnmHSfriHnH-MMitiifiinjiifni 

m U i ct 

i 

fianSltt3nJ|R!fTIJtjl1j1tntis! trial-and-error process 1 fd jWd fTI H [S 63U63t3i33 j?n tU 

rantiirnimBifiimi fnsiRtu i HsmntmntmaTRftnBiTSMnM BarnftnBitifatiini9Tii5fnuJim 

U e-J h l eJ Liu U Liu di I Oi vJ -o 

nujuHSHSjRHi fiiimimifiHiBniMBmtiutinnafriniSMfiMHSfnRtmRtiiTiaTRftnBniSmOTa 

U u ori U o i ct u i e-J Lju n vJ 

tilflutiMynU allowable stress design (Burgett, 1973), ttnmjRftflBSStlJ ffiRHm|pfi3|Hl!3 
LRFD tUtUHISnjunmsIna part 3 of the Manual, “Column Design” 1 [UR[Ui:M81BMynn?5 
tssHtfi mrmmanHHtinmsItjiusnfTiHHmrdHHtiJ'i usmtiwtnsnmrmwmRftnsmmsI 

U dj O U dj Liu 

UIBHiraUBfUjimMa ItlimiUnailJtllTRiTBUBRMIUTRftnBllSMWMn column load tables 1 

o- dj n U Lru Li dj l Liu Li 

UBlUHmRTRfnBRTIUnaMmtmaiBStilHm Equation Hl-la 33 Hl-lb 1 t3BRRlHHRITt3M9fTl£1 

di Liu Uu W u 1 ~^X dj U u ct 

MJUfRftnsfjjttfim 
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Pu eq Pu M ux^ + M U yiliu 

ttitu p . . =UBfTmmHHRnHmmtiimMi3 

w dj -nj i n 

M ux = HthttHRimitijUHRJ x 
M uy = HHmHRtinmjUHRj y 
m = mmtjiiiJtmnBialnamna 

CU c* 

n = mHitSiiflniHiBiBinainna 

CU c* 

imwmin/iiBfnflSiBJHitiTHftnBTRHriBRTiiJimMnMiMHrni 6.3 laTiftnititiBitiiTR'itn 

Liu Lnj EJ id -O V Li 

fiuaRimHamtifimJim & c p „ : 

wi cn tc n 

(f> c P rM nx $c^nM-vty , n 
p + rc_ _E — ux_ + _ < (h p 

<t> h M nx hM ny 

U P u + (M ux x a constant)+ (m uy x a constant)< </> c P n 

HtimtiemtslfbHfmtjl design strength raMHtifittitlintsUnjn HJimHtimmSstiHIGfrl 
USPitH?TCin8imTPrit£3CUTfif stistlj I fiBHmStBHiaSltilHtitnBSlfiRtriti ttalBSfitHITjItjlHRU 

& 1 U Liu U U jne'GtEUU CU Ct 

itURHHttnfi M ux Si3 M uy iSltjIRUrdtttJSRfnHHRj 1 

RtHITSlHIJJH m tRftnBHnJ1BlMtjnU|RHltiji3|niUM W-shape HJim[jnftnS§jlSlm3 
Table 3-2 in Part 3 of the Manual 1 RIB u jjnJtpScljlSlfjfci column load table 
BHmstatnBIBlRtifl'inti I lBHTIT2MUMinrititmRtlITi3MTH1UHi3RtilHB[IBl3UBRR1HHRI Sl3H 

X) ct Ed Li U Ed Li n W <ii vJ U 

HtiriRintUHRimtifil IRTfiiHBifitiBBltilTR'lH 1 

U vJ Liu 1 e-\ u Li 

1. tTSMWMRiHMiRtmti m ufimnnnwTulitinjwarTin KL 1 ran u = 2.0 

Li cu Ed U U a 

2. fiimBlUBRNtiRRIHHRiraMBfiin: 

n u u ci 

Pu eq — Pu M u X m + M uy Mll 
I|UUBRIB«Bl5l^Ml1fMIunan column load tables *1 

3. ITURIH u ttiUJUTIBlRti column load tables BtifitHTjITJM m H Table 3-2 iuHT 

Ll CU c* cu Ed 

RiuiBiRtHSiuM p llPn HTStiinMiunaitiiaigtRi 

cu ^ r* Li u vJ iJ 

4. inimriJmiuifititifrriH p UPn toiruratm 

o id -o u cu vt vl[ Li Liu 
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qffWlJan e).Cf: HtimTfififfitiSStSlnti braced frame fnifSUSnedSftmBBfinBtllW 1 50kips SiJ 

n UU m cu <=* •> Lry U ch n xJ i 1 

11 1 

HfftiStifHnllf] 75 ft - kips WfUStiHmSlti iWtll 30 ft - kips mfUStfHmwntn 7 BBifmtini 

VII u 1 i-J xJ cu •' i lJ xJ xJ v 

ISSfBmmsIftUtstiBlti tiStiWltiiGfntflGm pinned 7 rmftirUfU9JTinmfUStfHmSSffiVfi 1 5 ft 7 

c? 13 13 t-J Li 1 Lj Lj e* LJ xJ u J 

A <31 O A) A) f a dl f) 

Bsmsusnmtitumnmntimsstgj ijpnfn A36 stitjpmmw-shape uJcutfjmnjitim 7 
duimgrtaun: wmuiBBiimsB if Himsmmsin.D rBffJmmfifBnjiJnjssmnnnnnfm 7 

gj IV <-V 1 yst W O' L/ / eJ 

fJ[UlUHfIfSU[jjy 

M ux = B\M ntx « 1 . 0 ( 7 5) = 15 ft- kips 
M uy = nty ~ 1 -0(30) = 30 ft - kips 
11 Table 3-2, part 3 of the Manual, m = 1.75 lul&JtG interpolation 

= 2.o 

Li cu 

P u eq = P u +M ux m + M uy mu = 150 + 75(l.75)+30(l.75)(2.0) = 3S6kips 
tnmBfftjlffmStimntinGtjltitmsIriti column load tables, emmjfti IV 8 X 67 (d) r P n = Allkips , 
u = 2.03 K 

m = 2.1 

P u eq = 1 50 + 75(2. l) + 30(2. l)(2.03) = 435 kips 
mmsstitfitf design strength- All ft -kips timssmjinffflmjtf&smmtfjtftqfei'i 
hJlStUfti W10 x 60 ( <p c P n = A\6kips , u = 2.0 ).' 

m = 1.85 

P u eq = 150 + 75(L85)+ 30(l.85)(2.00) = AOOkips < Al6kips (OK) 

if mss M/i0x60 tfiffintifmmrtifanjHimmmms 7 meins rtf wiis sti wiAs 7 finmurti 

V y eJ Lj Lqj eJ eJ 

lV12x 58 ( (f> c P n = 391kips , u = 2.41 )'. 
m = 1.55 

P u eq = 150 + 75(i .55 ) + 30(l . 55 )(2- 4 1) = 31%kips < 391 kips (OK) 

timss iv 1 2 x 58 tfiruntifmnnjftifawHimfumms iw\a tuPJwmpjtiitmmfmummitfiBm 

V y eJ Li Lj Li c? u 

stmsrimtrifrm ivi 4 x 6 1 mfmsif/swi2x5s i timsgffuwiix5% tfimntihnrmjfti: 

c5i Lj ts V Li y eJ 

JjL_ = i^o.3778 > 0.2 
</>c P n 397 
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ufffSSfffJAISC Equatiom H-l-la 

tmnmiitinmGjuHftf x 




r x 5.28 




C m =0.6-0.4(M 1 /M 2 ) = 0.6-0.4(0/M 2 ) = 0.6 ( fJtfflUHftjmtinD 




timastjp si = 1.0 

M UX = B \ M ntx =1-0(75) = 15ft - kips 

UfpUHfi miflfi design strength 7 H beam designth curves, fiJjfflU C b = 1 Sti L b = 15 ft . 
<j) b M n =220 ft -kips 7 /7JUS C b = 1.67 7 fJJJflU C b = 1 .67 design strength hi 

C b x 220 = 1.67(220) = 361 ft- kips 
HBtffSgtitfltf <j) b M p = 233 ft - kips 
tiGtastfU </> b M n = 233ft - kips 

tmnmiitinmqfuHnj y 



umsstjp si = l .0 

M U y = B\M nty = 1 . 0 ( 30 ) = 30 ft -kips 

W12x 58 tiimnti compact NJfflUJtmmvmtiJ P u uGtSS nominal strength B M py <l.5M yy 




r y 2.51 




7t 2 EA g _ ^- 2 (29000X17.0) 



= 946.2 kips 



1 — (l 50 / 946.2) 



= 0.713 <1.0 



Design strength ff 



( /) b M ny = </> b M py = ( />bZ y F y = 0.90(32. 5)(36) = 1053m. — kips 
= 87 .75 ft -kips 



atf-nmit 
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ms Z y / S y = 32.5 / 21.4 = 1.52 > 1.5 tubUmSSimfl <j) h M ny mmWhltdSti 

^(l ,5M yy)- ^(l.5 F y Sy)= 0.90(l .5)(36X2 1 .4) = 1040m. — = 86.67 ft - kips 



H AISC Equation Hl-la, 



Pu , 8 



<t>, c P n 9 



M , 



M 



uy 



nx 



ny y 





f 75 


30 'l 


= 0.3778 + - 




+ 


9 

/ 


^233 


86.67 J 



= 0.972 <1.0 



(OK) 



SWtU: I[U l¥ 12x58 7 



U1 ~o Lj Li u vi ~o 

H 1 StUR[Ui:fi 3 HmtiimSiT?i!tnStM?gimt 3 ltIJ Yura ( 1988 ) 1 USRfnHHRntJtUMHHtUttJtUTRltnS 

a m Lru ct vJ x ' <2J vJ V Lru 

rift 

IftJR 

2M., 7.5 M v 

( 6 . 5 ) 



2M, 7.5M 

P • = PH -H P 

e «“ ,v r+ d b 



lt3tu P = tJSRfriHHRjmR[Ul 

M y = HHlitHRCUimftJHm x 

A, v i lJ vJ 

M v = HHmHRCmmjUHfij y 
d = RHfjRH 

n ct 

&-SS 13RH 

ct 

RSli3HfjtSlfii3fLlHmJ 6.2 TRllRHISSIRTRlRl 1 

W ct Liu ct Liu ct 



qmwmn it.d: tjpYum’s method iuffjt[Bmi7fdmntifinrinijti w\2 tuitnugtf- 
mmnspmumiH < 9 . 7/7 



fitafmjtmtn: nmumf usnmuHniMuuniB 

U c 5 f lJ V 



p ■ = p 

1 equiv 1 



2 M y 7.5 M, 



= 150 



2(75x12) 7.5(30x12) _ 



525 kips 



d b 12 12 

luMSSid b m/WSMSmidSti 1 2inches 7 P column load tables, MmtUfti W\2 y,12 

Lju v* v* e<J 



( tj) c P n = 537kips ) 7 

til BWSti Yura’s method mSSMWSmntitinhWftitiljlti Manual method WfWSOJltitimSS 

v v V ej V 
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JSltnaJjSWRHHflnflCIJU ( gmtnJCLn HflfiHISnJRtinrtftfiHtjlflMMI) Yura JWlSltfl USR 

u v i n 8 ct 

x i uBiuHRiuntirmRnjTtiTRitnBinjwffw 

iJ Lru u u U iJ O <* v W Liu Li 

H beam design charts in part 3 of the Manual 1 BHflfJHHEUR: 



fnJRIUimHSfnRgH-MMJtlJnJHStl^tJ Design of Unbraced Beam-Column 

mifiimmHsmnflutiiuMnH-NMnalnia braced frame THitnBuauniBiuim i tHRonu 

1 V <=* c* Lru in -XJW 1 V 

uflmsu B\ TttitnBMBHiw i.o iBmiifjNWMHsmnrmfitmia usiuhr 5 , TRftnBfinjiRMnrro 

tx 1 Liu v* Ed Li l Ed &> i Liu Li 

ranaiBl* 1 WTmURH-MWJTUOUHSfl sidesway JHUnflHHflmSH b ? ftScucumnjHCTitTtiiiras 
!lJWHBimWItJiniJWMMimtiHMia1nl3I|mtitRftnBl^MnM I JUMBItJ AISC Equation Cl-4 
[RftnSIfUfdfH'lU B 2 JSIgJRBSHlS sidesway deflection A oh MfjnUfmRimBIHSfnnflytilB 1 
{U MBlUimtU AISC Equation Cl-5 JSlSJRJflGHSfmtlj Y J P e2 llGmflt[mH[flftnSJWi;SJfl 

jHhjjr b 2 1 

iKg®. fJSR B 2 = 1.0 1 U STOP J ffj fdfj fd JU Jlfl fill R EUJ A flnnSlfi 2 H AISC Equation Cl-5 ttfttU 
MBRTjI I P u /llP e2 RyGRISfl P u !P el fdfmUJJflmSwnGlItUn 
( SmsiRflgmuuanS.n)) ^ 

i 

lG9l3. JlpRUROnR^yfl (predetermined limit) fiijOTIU drift index A oh /L JSEUtilScmmjU 
story drift jdjRHfjtflS 1 RUtTUSf drift index HSnTIRHRUJHlfdTUlU serviceability 

J n Li u l m U J 

requirement yfdlSjflRISflRlJRtUlRRinSlUJUfdf H 1 mtnnsi^jtyu drift index GJSlsn 
1/500 JSl 1/200 <1 QOJlItsl A oh til drift tStlERRH 'LH SGJSgyUMSra drift index 
tmnsiuS service load tSIiUSASIfl H service load ttil 1 



EjfflWJttfi e). 90: JUS a.9Ca UtiWlP single-story unbraced frame ttiOJIiSaiumtfl UBftffitfnnJ 

* 1 ) Lfl "VI J Z/cS»<* 

/ / 

uUfU 3 if 8 f Eli 7 JUS S.9da Util Hin service gravity load ,§# JUSS.9tf b Util (Tin service wind 

v eJ v in "sj as y in 
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load ( rt?(ffffflrmifffffti uplift U suction fSlfCUtfutU) 7 tTUttifl 4572 grade 50 BtStffiRJtJR] 

mntfwn mwiuman (BtimmiD y tmnmffSfnaiawiu drift index 1/400 fuimnmm 

V U n cuJ i U J 

service wind load 7 H^nmGfUBtJHmmtJ iWffieJmSBffiVnrStiSltitmSltiGti BtifflL T 7 

11 U lj fu u Lj i 



m FIGURE 6.18 



D — 0.7 k,ft ,L r =? 1.3 t/ft 




(a) Gravity Loads 



0.45* /ft 



37'. 1.1..' 


2.7 










(b) Wind Load 



tUtaimrerntn: frmmsstiinmtianGGBsnajifiBmzItm 7 milfnmGmMBSBsncwtiHSffifmsm 

U Lj Lj n v L/ n c? Lru c* 

talstasts i njgtfnjfamftfnmTffltimfwBU&miBlntoviQ t&imantm y usmnBnm sti 

c? Lj Lru in -\f c* v 0 di iJ 




GSfiSffifSiiJ 7 BsmmnmtiBdjmfwstiimfBfsm twmGnimwtjiBtBBtiBBti m„. mams y 

C -A eJ & CUJ Ljjj 1 Lj ct V V V V ill j cm 

usnsiimweiBBti M 1t y 

c* ft V Ll 

UBfUBfntiajmrinatiiBtnBtiUBmtfr d , usnmBirnuunj L r stiBsnsrcuw fitiamtffrmB: 

lj di c3 u di dt V 1 dr eJ v Lj 

l I l l 

A4-2: 1.2D + 0.5L r 

P u =1.2(14)+ 0.5(26) =29.8 kips 
M nt =1.2(50)+ 0.5(94) = 107 ft -kips 
M-i t = 0 

A4-3: 1.2D + 1.6L,. +0.8W 

P u = 1 .2(14)+ 1 .6(26)+ 08(- 9 + 1) = 52.0 kips 

M nt = 1.2(50)+ 1.6(94)+ 0.8(- 32) = 1 84.8/1 - kips 

Mj t = 0.8(20) = 16.0 ft -kips 
A4-4: \.2D + 0.5L r + 1.3W 

P u = 1 .2(14)+ 0.5(26)+ 1.3(26) = 19 Akips 
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M nt = 1 .2(50) + 0.5(94)+ 1 ,3(- 32) = 65 A ft - kips 
M ] t = 1 .3(20) = 26 ft - kips 
usjusfiA4-3 7 

xJ & n v nj 

SC FIGURE 6.19 



0.7 



Jt/ft 




0.45 



kl ft 




2 k/ft 



1.3 

Mini 



P = 26 k 
M = 94** 

Roof live load 



2.7* 



P = 1* 
M = 20 



Wind (lateral) 



mmmmwunjitihmmtjmfmmntifmmrti fdsfdsi 5, = 1 .0 7 mmuni s 9 mu 

U Lj 11 w w* 1 nj z. 

[pf wsminsm A IS C Equation Cl -4 3 if design drift index.' 

B 1 1 1 -11Q7 

2 l-lP^A^/Zffl.) l -S.PuI'LhX^il) i - [2(52.0)/ 2.7 ](l / 400) 

usmtirimsmmin I h mftnstrumrms drift index namm drift mmmfunjmi/ruumn 

at v* / Ljy Lj Lj u u ei 

service load 7 ublSS 

V 

M u =B l M nt +B 2 M h = 1 .0(1 84.8)+ 1 . 107(16) = 202. 5 ft - kips 
iulffiBSMimSWmrjfftifi alignment chart ed[mmffmW[mfti[UedSdinW3{S 7 

Table C-C2.1 tsl nil Commentary to the Specification Utnmtfmmff) ffifmtHltfmtifSlSti 

ct •' 1 J ISJ -\t '* // Ljy ct cu 

t 

ajnsanGtiidfmuman sidesway tsamummss itnwfacu k x = 2.0 7 

fdfmu braced condition, ffit[UK x = 1.0 7 itfimfdllWHpdmtiHMlpfWSnjpidSmtfl 

vtmajtntij tsismam K y = 1 .0 7 usium mwmjpmlhdusmdhiidkujifiukums^jisldia 



Gd-MMf 
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Part 3 of the Manual 1 P Table 3-2 fBGlWBBBPG m = 1.5 tiffUllf W1 2 GlBLUSB KL = \5 ft 7 

J IV U v J 

P u e q = P u +M ux m +M uy mu = 52.0 + 202.5(l .5)+ 0 = 356 kips 

hffffllf KL — K y L = 15 ft , 1V12 x 53 BIS design strength <j) c P n = 45 1 kips 7 (dfBlUffGJ x 
K X L _ 2.0(15) _ 



r x /r y 



2.11 



: 14.2/7 <15/? 



uGtSS KL = 1 5 ft nm 

V J 1 

idlnkdjB IV 1 2 x 53 7 hJfBlU braced condition 
K X L _ 1.0(15X15) 



P e\x ~ 



5.23 

K 2 EA g -2 



= 34.42 

;z-(29000)(l5.6) 



C,„ -0.6 -0.4 



(- K x L/r x ) 2 
M 1 



P AISC Equation Cl -2 



(34.42) 2 
= 0.6 -0.4 



= 3769 



f 0 A 



K M 2 j 



= 0.6 



B 



r 

^ n 



0.6 



= 0.608 <1.0 



1-fo/^i) 1- (52.0/3769) 

uGfSSffd B ] = 1 .0 

Biuiiifi B] = 1.0 ijinrBMSBuUti iwtmtfmjTdVw ip Bsmfwstfmm i sis bib 

A fu V ^ Cry eu CJ eu 

M u = 202.5 ft - kips tBnidlSBndSlP^BBBBSJPfWS^iedmBL 7 Pbeam design chart in Part 
4 of the manual thBLdSB = 15/7 design moment IdfBIB W12x53 BlSLJSB C/ = 1.0/7 



, = 262/7 - 

mBiuBBtipmtiwtmrunjfJBiBifeiPfJsrfslGtiBiti tsImuLBitslGtiBitifgffi 

LJ V U Uu U V (J I 0 J 0 u 

fimmm C h =1.67 gj 7 tiGfSsmBftiWmmBffS design moment ff 

ev is v V eu Uy 



(fl ,M n =1.67(262) = 438/7 -kips 
BIS BBBiSSGtilB plastic moment capasity tfpM p 
BB charts 7 uGfSS design strength [p'f WSGlWPfpB 

1 

h M n = h M p = 292/7 - kips 



nnfimuBSHsmBUjnjfJBmu 

V ei n U 



292ft - kips , tunJikifflGWUlStSl 
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52 

451 



= 0 . 1153 < 0.2 



<t>c 

uBlSSiJjJA ISC Equation HI -lb: 



2 <f>c P n 



M, 



M 



uy 



nx <f>bM 



0.1153 



ny 



202.5 

292 



= 0.751 <1.0 (OK) 



fuitimnmisiifmssfi&tfiii l .0 siti tiBtssrninrnrmuntifamBBifititssmgui i 

& v ev V eJ v v 

(dlnflJJif IV 1 2 x 45 1 KL = K y L = 1 5 /1, <j) c P n = 299 kips 1 (V[UKimj x 

K X L 2.0(15) 11Q . 1C , 

-=^ = — - — - = ll.3 ft <\5 ft 
2.65 



r x' r y 



timss kl = is ft mu 

V J 1 

fdftflU braced condtition 
K X L _ 1.0(l5Xl5) 



P elx - 



5.15 

k 2 EA 0 



= 34.95 



^- 2 (29000)(l3.2) 



(K x L/r x ) 2 



(34.95) 2 



= 3093 



H AISC Equation Cl -2, 



5 , =- 



r 

^ n 



0.6 



= 0.610 <1.0 



1-fo/^l) 1- (52.0/3093) 
timssrp B } =1.0 

Pbeam design charts tflHUJSti L b = 15 ft fffftifi(i/131(if[UlU W1 2 x 45 tflfftDBti 

c fe =1.0 u 



(/> b M n = 201/1 - kips 
tBfUlU C b = 1 .67 

</> b M n = l-67(20l) = 336 ft - kips > </> b M p =242.5 ft -kips 
uBfSS design strength B 



</> b M n = &,M p = 242.5 ft - kips 
HMimuusHsmmtimmurmu: 

V £~l 6~) U 

P 52 0 

^- = — = 0.1739 <0.2 
</> c P n 299 



gff-t vm 
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uBtSStjJJ A ISC Equation HI -lb: 



2 <t>c P n 



M, 



M 



uy 



nx 



0.1739 



ny y 



mum: t[uw\ 2 x 45 i 



( 202.5 A 

+ 0 

V 242.5 



0.922 <1.0 



(OK) 



is1gsiuunli&.6)0 mJRnilfi drift index JPTClflSn 

RtuimmfinjiHHlimsH b 2 i THMsrareHsratj drift index mmufj s 9 mijTfiftnsncinFittani 

n AISC Equation Cl-5 tiHSItilffTlH ntilffiljHCUfiniKiUfj W12x45 K 
K X L_ 2.0(15X12). 



5.15 



= 69.90 



e2x 



n 2 EA g _ 2 (29000Xl 3 .2) _ 



b 2 = 



(K x L/r x f 

1 



(69.90) 2 



113.2kips 



1 -frPJ'LPei) 1- [2(52.0)/ 2(773.2)] 



= 1.072 



S.£. Trusses With Top Chord Loads Between Joints 

mwMsraHtiRiiamjfdtisirafj truss iRjTstismtituHismntsImsiitilifdliitirafjli isis 

Li n n Uj U tuis 

fistareif Jt3SfHHtan?i RtiHtilUSRMtififriHHfil titslSSHtifilSStil beam-colum 1 RitMSSHTHm?! 

Liu v v v <2jn xJ v n 

HISISitM top chord of the roof truss ttntll^nSllMRtSlmSliRtin 1 mRfjnlfitUlSI top chord of 
an open-web steel joist til beam-column itiJ HI [Clio open-web steel joist jjnljjSUSRSSlCTlltitU 
n Tallin mi si iw top chord junifi 1 iMmimrasmss minImHitinj tmss tiimitinsTtisfriffi 
HIS continuous chord member Stl pin-connected web members 1 11 SI U H fit fi ffl b 1 ul S [Ml til J fi 
HSRfflHHRI Sl3HHl3ntiltilffinHmf?fTimT^l3Htltiljtill3 stiffness method 1 mtnSiMtS]i3Sf?fi 

O v Li Li U Pi V ct vJ jj 

MlTMtiHgimifTlH: 

U o V Li 

1. BMfiSHffiOnJM top chord tilKHtltilitsti 1 lTHHHi3Hl3HHt3tilHHl3HBHJHllSiRt3 

Ht3fi 1 tiimfdH top chord tiUftifiti'lH tiltitillfdllSHtitifitlhMS'm timSSfTlitrmsmSS 

n n 1 n n mu 1 

HlStUROn:MTRRtill3mntitljiIlfiSRHi3fiSHffi9tilHHMHfm 

3 1 U 1 n v <=* nn 

2. uiBHRHiaTUHRHrinHuautiaiBsigluBmBiTntiHimiBHTgBtiitnBUBmwHniiMiu i 

ru U va. ct n 1 <1 Li e-J w & 1 
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3.1frm truss tfiHmamjBRTRtSflimmtiiBs i nanmHifRniJtiitiitiiBtitmalna top chord 

X) <in Ll <in \J 

member ^UBRMi3RfnHHm!lJtlITHfmmBllTUni3fnm[mm 1 

dj n O Liu U ct 

IniasTRitnBUiJuntiituRimiiJnTRiHialRa rnSd.bo^ HniftmiglR iRjnBiRHHianR 

L»u Lfl s U u ex jj U-oU V 

BtiTURRHIUMBHttfimSlRBR top chord tjinHtjimEJtU'mSSTHtSl TfitinClJlSHtU^ 1 

U ct ] 1 ct Ll l_l y 




R 3 *4 




qgnnmfie). 99 :m$ e).l£)9 Utficvn parallel- chord roof truss TufU top chord [Sttinhlfltirsl 



rati Finn stifslmtimsism in y usmmmtiwumsftiiffittismtimfwsutfini y ertuisiBsmti 

U U cv d» / &>- L^/ i/i -Kt 1 

i v 

top chord y tfUttin A3 6 Biff [SamtU structural tee ttJtUmtfffilTin W -shape 7 

dm/mranm: i&tinttatin&itiiifittanitfnmmnjmnuBmtfnjfflBjhntglmmstinnmfwBffi 

U v cv n & ev Lnj 

i 

t&lOffil faff top chord StftfJ VtilttBUtfUBif 7 P Part 4 of the Manual, “Beam and girder 



Design, ” UUtiUttUGtihJtfflUHtiei top chord SBUJVri 
PL _ 2.4(1 0) 



M=M nt = 



= 3.0 ft -kips 



Gif-MMf 
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M FIGURE 6.21 



15 @2.4* 



1 * Loads at joints and midway between joints I ^ 





i ] 


1 1 


\ \ 


1 J 


1 \ 


H 


' | i 




.f 

If 




B / 


SC 


D / 


\E 









19.2 



w£ G H I 



8 @ lO'-O" = 80' -0" 



■*"fl9.2 A 



mtfGtf stifiHitimBmmtitssmjmsutiimsIfiti rag S.IqIq a 7 fsiwnifunjwuwmmti 

VI eu Lj yyt Ijy in <=* y o- cv 

rmnmslmusmmnj) immggnjwBmrtoriuBntfGUinmiBlrttiiviQ &.bb b y nmtsajtia 

LJ 'St> c5i 4/ cii Z/ </7 v CV n 

mmmmmmstimeiirisisIfitiHm de c stifsIntiHtimtinjfsImn ttiauBlSTtsimammia 

<=t n <=* n eJ n 

iojii) BtifflBmfwBmtottntnrmmBtimNHtiifMmatftiftmtu truss ttinnsIsitiwtfHsmfi 

c? Uv m <=* c? / 

a-a: 



EM 7 = (l9.2- 2.4)(30)-4.8(l0 + 20) + ^mX 4 )- 0 
f de = -90kips (ffimmjm) 



mwmBsmBfVimmsrmiBttfjj 90 kips stiButinfi 3 . 0 . ft -kips 

1 

Table 3-2 in Part 3 of the Manual BS W Sti [HI B structural tee 7 WHlGtJU Yura’s 
method (Yura, 1988) ftfWWSUfflmSftiftJfHlUfftiti I- StiH -shape 7 ffi[fifmffBni}fiff m[CflS 



uantrimmem rmmBBtimmumfuamsBmuHm 7 meusmmm tee tticuHisnuej 6 in. 

tJ V V V LJ dt xJ U U n 



p ■ =p 

1 equiv 1 



2 M r 7.5M, 



d 



= 90- 



2(3X12) 



0 = \02kips 



PI column load table tjlBBJSti K X L = 10 ft Sil K y L = 5 ft . idlnbUfti WT6x 17.5 



(</> c P n =124 kips J 7 BBtintimqfUStiHnj x kWmffffB[HfU13n/pil[HGli}3i} sidesway: 



M nt =3. Oft -kips, M j t = 0 

ItPWimmsrimtimtimSBWikUBtiB IwamtJmftHB9mms C m = 0.85 (Commentary 

CV n l Lru III •' 

approach BS[pfWSt[ms1gfSSfS) 7 MWSl If : 

“ = I® = 68.18 

r r x 1.76 
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■ FIGURE 6.22 




(a) 





P e 1 = 



5, = 



7t 2 EA g 

(. KL/r f 
r 

trt 



n 



! (29000)(5.17) 



(68.18) 2 

0.85 



= 318.3 kips 



l-( p l/^l) 1 — (90/318.3) 



= 1.185 



H&iffifS&fi 



M u = B\M nt +B 2 M lt =1.1 85(3.0)+ 0 = 3.555 ft - kips 
[fffifSf U ffS/Tlff/Tif 'filSSIfflslffljl s l e n de r f SIS nominal moment strength WM structural tee 
BiJimntUlocal buckling f£fJJJHJStUU3uffflol9 fiStifUJ/fflf lateral-torsional buckling ( fffflf 



AISC Equation El. 2c Stf faff 9(s fffltRjfittrltBg) 1 hJfmUcWU 

• c* ct U U tv 



k = 



6.560 



2 t f 2(0.520) 



= 6.308 



A r — 



95 



95 

V36 



= 15.83 >A 
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fiJJWU[98ti 



X = — = — 25_ = 2083 
t w 0.300 

, 127 127 _ „ 

X r =-;= = -= = 21.17 > A 
F y V26 



tuinJeW! X<X r ffltnumtitmtl stfrssti mntiBSWStjl slender IS fWffi lateral-torsional 

' U eu U / v 

buckling tUU 7 PAISC Equation Fl-15. 



M C r 



(AISC Equation Fl-15) 



< 1.5 m v mtnmtjti rnissitmumm 

y U v ym -v» 

< i .om v a TT tnutSf] ufiSsiiimiMtiti 

y Li -v* v eu n 

PAISC Eqution Fl-16, 

^ 6.25 



B = ±2.3 (d / L b y Iy/J = ±2.3 



12.2 



5(l2)J V 0.369 
Wl Bf nominal strength P AISC Equation F 1 - 1 5 PI 



= ±1.378 



M n = 



Ttyj 29000(12.2X1 1200)(0.369) 



5(12) 



±1.378 



Vl + (l- 378) 2 



= 2002(±1. 378 + 1 703) = 616^. -kips U 650.5 in. -kips 
fimJtjffismfj b mfmstinBitimpiislBtiPssmfiitee rinwMPVffJpmsmfwsimiumssw 

eu ay Uu c* eu -v> ct y eu ert ay Uy Lj aJ y 

fiMMmsIfpnjfiSsiPBmtifJilfi 1 cBfmmivtBrmsmslPtiBmwnmss BBtinmimimms 

1 n y eu eu n U a y 

u 11 

isimtiBtiutiu Btjftamajfajtj umssimmiimfwsmumtiitpmpmtiejtimsiptipss new 

in n c? y in Uy U U eu n a u eu 

M n = 650.5 in. - kips = 54 . 12 ft - kips 

mansBtjmffHtmrffih 

Lj eu 

l.OMy = l.DF y S x = = 9. 690 ft -kips <54.21 ft -kips 

uBISSIJJJ M n =9. 690 ft -kips 

</> b M n = 0.90(9.690) = 8.721/1- kips 

nanmftm&BHBrftmtinjmfim 

V n n Uy U 



P u = 90 
<t> c P n 124 



= 0.7258 > 0.2 
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ulitSSfjJJ A ISC Equation HI -la: 



Id IvlJV ^ J 

<t>c P n 9 {</>b M nx $b M ny 




= 1 .09 > 1 .0 (N.G) 



tslntipmuimfltsg uutinBtnsmutm ttrkmluenfjrtnu bending strength umsgiwmmpw 

<=* V tv V V <=* L> ° ° z/ & {J u 



thbending strength Si3 axial compressive strength tflSrif tfti l JUHSUSlUtSlriil column load 

/ 

tables ft WT 6 x 20 til fftJJSS axial compressive strength 133 kips 7 riAHnltftttintSltnJ 
dimensions and peoperties tables UWnitjltWtifintiUmWtrimuntituMmSffhA x til ft m 
term 7 uGtsgmmBmmtmtiSsrftsgBtttfustiffmtsnm nnmfmsemsmnBnfiB lateral- 

torsional buckling 7 tfUfdfltSg JJJhJ St UtUflti slender tSl? nominal strength SiJffifftfif yielding 
tWffimSi! plastic moment capacity tum[piStitumS(ijutlci[BH 1 .5M y 1 

plSSnJirmjS WT6 X 20 ((/) c P n = 133 kips l 7 uUti tUlflSl If : 

KL KX 10 ( 12 ) 16A3 
r r x 1.57 





\-{P x IP eX ) 1- (90 7288 . 6 ) 



= 288 . 6 kips 



M u =B x M nt = 1 . 235 ( 3 . 0 ) = 3 . 705/7 -kips 
[Httnsqj slenderness parameters 7 hJJWIUhJlU 



\ m nt ~ 




fJ[tflU[SSti A = — = ^ 22 . = 20.2 <A r = 21.17 



t w 0.295 



ttPffifiniminmtijHstitthjtsptiJ 




rumiusimwHBmms 

Lj tv 



Stf-MMt 
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1.5 M v = 1.5F..5 



_ 1.5(36X2.95) _ 



y 



yx 



12 



13.28 ft -kips 



iulHJeWnn M p >1.5 M y 



</> b M n = </> b (l ,5M y )= 0.90(13.28) = 1 1.95 ft - kips 

mwfimmBSHsmmufljffiftm 

V D D Lru L> 



90 



= 0.6767 > 0.2 



(j) c P n 133 
timSSf[UAISC Equation HI -la: 



<t*c 



M , 



M 



uy 



nx $b^ 



ny 



= 0.6767 + - 


f 3.705 
+ 0 


9 

7 


Ul-95 J 



= 0.952 <1.0 



SWOT: f[tfWT 6x20 1 



( OK) 
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VII. fitUl&JlHtTI 

*3 

Simple Connections 
tl.9. tftiBRttiH (Introduction) 

M- U U Pi ct ij i iy 

1 

tuR[ui:HgTRtiTfna tStmRHiQ^ncuns^ “weak link” tslnmnfjtima jnBuiSnafmitnntii 

s uu tJ' /t> ctuuei n v 

iraamimi mitnRiuMHaRiT^auflRRTHaammaTtjnniM fnitnnitiMiBmMHBfnmiBaR 

U n U ij pi U vJ n e? U 

unmcuHnnrm RtuimmiRfrra BtiRiiWHRR'iinfnth ntmiBjniuntiiHnfimigBtiiSMTnfnti 

n ty w- in n u l uy ct 

miniiiiBiminmn i namims* miHmuHarnfwBRiiiiBiiiJitifJMRifiJtiiHimBiHiaRiuMnR^a 

w- c* eu (y Uu 0 n U ij 

urns *\ malMnnn^anfl 

pi Uun^l po pi n U l pi 0 U U po 

ItinnitihratiiRimBi tjiHRSstusfiJTRiRlifnjRQJisisitiHfjjHsitiffiJRfntj i RtiRiimtanim 

EU ct u 1 Uu c* u <y «=* 

rnftnBRimaTuJimlMRntiiaiBtn itiitit^MRiiiJtiiRiinBiHamTR^aufl tiBiBsiRTttfR'ifJwRi 

Uu c^vJUU 0 n u u pi u Uu 0 

1 

ttJtuHis^mfiiQprjtirirdRtimiRnjisimiRfritj ^ 

-o e*J ct iy 



m FIGURE 7.1 



L i_flr J 



Ak 



Riveted 






Welded 



ira^aufliiJRBiauTRftnaRfTiuiiJimRiitini BtiitfimuBra (iiwwiisw ubhhd uttfim 

u u pi Uu <-y uvJ inn^A'^>~< 3 k 

1 1 

nanaRiinmnmtirin mncuns RiinmuiBiafauJimRiitini mtfitimf 4 tslmassi 9£6n] 

Uu>- 1 If. 0 -UJ O cj ct 

Research Council of Riveted and Bolted Structural Joints TRltnStJti3Fit0Tt3 Until Specifi- 

Uu n vJ 

cation fiuaiuMfiTnitnBiBfTitiiimiaiRtijn iiRtmnBJtnBHBnnR^BM itfitiiusTti 

U Uu -o vJ ct ct i no (J u u T-d 

nMMtisMMTBitiJii i ffitintntutsisHR uaTanMMtisMBBWtnanj^ruramnmaitiSa until 

inn U u vJ inn u U U U 

IRRtnRHRITtJUBTanMMtiSMiaiRtJMimtil^wJrTl 1 IRH1BHtlJlUlRtilIlBaRl3R1ItilMnnB8 1 

U u 1-d nn ct i-o v i U c* eu n 

RHRinaimiJnjHia^BitTiinBfiiBfauBTaiiMMtisMtna BiiuiRRiiSiBTiaiifJm irtrJriirhri 

v'fc ~o vJ u i-d inn vJ-o Uu 
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utajmBtjBimtiwigluBBiRi ifomnisgisf?! fuinjBfMiHti atinmstftRRBfiBRtinjfiUfimiim 

-o i) U n v ni UctwctUn 

nmmii itfimftnimniromtflRtimithaTtilrii i 

ty nctvJinw- U 

AISC Specfication Si3 Manual of steel construction ll}imtmi?HMniltiBlM5I|UHniUli ytllSi 
mimwBianrniniTnniglraMfiHiBtmnpiiBiBnniMMTHiufnifimHiHiiMMti stimnjfjtjcusf 

UUn U suin u 1 V 

eunfit3mt3isi§ i miRtuiBi BamilmnnimJiiHiBtiinniirTMiiJtiamBaHniiuBTaBHmiiJi fafisw 

S U U ct v vJ vi> ] 

mtRiatiimmrMimriHuuini* i 

ct U 8 j~i i run 

RnfitinrHisHRmi;i3Titisi;TQStjil3RnfiusTt3 t i minmuiflimrriitiniinBtiinniirtmHm sia 

O U U v vJ ty O 8 rn 

TRffniiBnBtiitinimuaTia i miflmutamBWRnjUMRftnmtfiHmBtiiTRtamnHiBmBroRim: 

L*U c3 TJ vJ t y 8 -j* u LjlJo 8 

ttituTfiJcutjiHffistifnjtanj tJBmimntiiug ri.®*i HBintoiiJtiifniiinnnBtiimm:inmBmH mi 

Uutj O U V 1 O 8 'O 

Sifffiaiuna built-up TmngiBSTRftnBtitifcntftmni i i3HTmuuB«iJmmuiBlBtiuB«iJRTgBa 
UjRIRi3 (angle shape) |RftnBI|Ul3l5uiWi3UBRBim*BlRmi3rin |UMBraiRu!BHnB*IlJRmt3 
HtmsfR imgtithRtimrjUBSl3Histijn[Ui:fnslfirjRwifTi t i mBmiRfnuuJimmitinnnBniRim: 

V U 8 ''J -O 1 CT W- 0 8 

iJumMsmiiti *i mBMTHiuRimtiiii iRTRfmiRHRifiBimsiatim mimfiritnRRtiR'iiHitifi sia 

U w i n U O Uu w» vJ ct n 

Gomra|tnm|ps i iRRnii^uRiBsiRHiBiiftsijmmtnBiflimmitijinBlRiainatiiiafiBM^jmi 
tiiinBimiiJiBiBiTRmntiiiiJtiiinBiBigltnB *i iBiinnifawmiRmuiBiffraiiJimuBnamitini sti 

OctU c ty e» vJ O O 

ygjti iBisiRiiBBtijinBlinatiia tmtumuysjmsifmmsi rdynti single-plate beam-to- 

i i 

column connectioction UJWTJlIirmBlfitilUB ft fa UB«liRTRitnBtimfnuiBlBi3WlUIUMMMnBl 

in ct v & Liu O m- cu 

it^raoitjtigil3tjiHffisi3Tssl3rafjGHtsifnjtlis ^ 

V vl u U i ct cj 



FIGURE 7.2 
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x_, 



iBi5nBiinmnmi|u^RiBitB|uin9i^i39raMR[m iRtRi!ua!BRfii9lmH|Tiin8iBmi 
tJirmsn 1 JUS ri.m a tliaimn tension member lap splice UJwmBITRtammtiBiRtritiRlfi 1 tiB 

d* v in -o 1 1 U U iy v nj v 

HI RimtinnBlRarag tl.tn b fRlStisristinHlUmfiSSti 1 ntinmej bracket tBlBiJfiimMMJ 

ct O ct v L»u m m 
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Samaras ri.tn c uJimmitim mSitirasra ra^moliafnu ngnnanntiBfRHiammglintii 

V c* v ~^x v vJ c? JJ U U u* "vi v tu 

ItJniuBRHBfHHmtiifn HimnTiiiJtmiiJirmBinaiug ri.tn d tftfililmnitimmtafitriamm 

i n jJ in v ,J U U m 

miHfnuttJtuuiJitniBlnaiug ri.tn e uiSnmafitntifTinggti BanHiamrmBlnaira^afnntii 

iy in -o c* v n cu nj ~o Lj U u* u 

siaiwi iiMMtiiuMin^afnunHiTMmiwtsitnfiiaBiRinafTiR traraasini unmritimtann 

in UUw- U v cu -\a su 'o^asu 

xJ cu vJ Li i Lj cu v Liu -* tu 

ttiiffiHsBfinsfdttiltsfnjjJifitJSfi i 



FIGURE 7.3 



O O 

-O — o- 
o o 





iBlintutafimtifitiiratomuHm uRmaRtiHmanmraliaiuMgnnBJiiTnftnBRtiiiK 

ni ct nj u u *\* cu <=* u nu o Uu 

fi^in^HmitJwiJimrMwniamintmnmtiraumiBiuMHtm t minimniBSEinnwimramitmiB 

U i) Li tj ot Li Li 



tta/mnfftn 
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mjfifnuQuanr i TUMBraisiMRHiuMRinatimiJtiiTRfBngtiifTiniTiHgrafigHaiuMnim isis 

t > u O ^ 6 u m l»u u i 

!iiRBHm9raMH[iJiTHftnBMaHtJigu9WBi3uamiJtiiiua!BmM itfimHniirauiBgTHftnain^T 

ct u Liu a* Liu 

tcunstti nnnfinHcm iBlnanimrauiBs (iiitmiiJiiniBlnaiuB tl.tn a sti to tTHtoniuaHms 

v^> no Ln-Njcty u U u u 

stiTm!tiQR?irafjsR^JsnJs^3s^jstus!^H^^3^Mtn , i HBiuHRiRHiBiRWBmnBUBtmjBRJUM 

Ll n O V £U c* d* GJ dn 

nniiii^mRimtiiBmnBUBWRinaraMin^amuaHm!) urtnitiiminiuMBnuBni tiinrastitiss 

l a m UUw-u^aLi n u u 

ira^timuMin umlitiMimuwBRTJBrin RiiRmmaRtntiBiR§fi rnitnBntnnniBlnadrmB tf 

Ll |J U* 1 M U 1 O (y tu is. LlU U ct tj 

IflwisiMRHiuMnBRHaiBHirirnniTiHBTufiBHBiuMnimi minmuiBlRainB rim d sti e tin 

^ dn O U 1 (/ iy ct JJ 

rainBiBHiuiiB* i naninjiiB*uBRTHftnBBUBWiMmiiJimin^afTiuBHm5 uralfaiinsniuMBR 

Li ct dn Liu wbct Li U (y u m u n 

1 1 

usnns luimminnjimBmiiuaiBRUBRntiiRSTiSMnwirTinafTiinimBiiBTmnBHnnia* i 

i I dn n m ct Li 

1 11 

AISC Specification UtununRlIRfl'lultitlJIHtnB tJSTt3 Itf Si3 RmfrinalRti Chapter 

U W- w U vJ VJ ct 1 

J, ’’Connections, Joints and Fasteners” 1 tRIBlRtilMjflfiltBS imaHBtnBntninJTinRIUmilB 1 



Clio. Bolted Shear Connections: Failure Mode 

HBBhrimiiijntiMMMtoRnRRiuMUBTa t ma tci f ntsn t nmn ntilti x smit^isttSmintsinn 

1 in u w Lru U 

mBiBiiWRimiiJtiJHiBiTR^aniuiaRHiaRiRBBai iRmBnujutBRinfiBBrii: RimiBiuMirtSa 

U U (y tu U U U 

mu BtiRinfitfruwitiRtaTRffliu , i ntmiun lap joint ifltuuauniBlRaiuB rt.tJ a i riiiJibium 

iy ct Lru iy 1 J in -o ct v 

IT^aniUHIBTRitnBMBRtilBaiRRIBTtilJBIlJtlltnBUlJlfTlI RHItiRIRBBtiHBTHialRtiRlrimBSR 

u u <y Liu v* vJ v in -nj 6u U ct 



m FIGURE 7.4 



P £ 




P P 




P 




P 



P 




(a) Single Shear 



Pi 2 
P/2 




P 





-*—P 



P/2 




P/2 



(b) Double Shear 



* tjimtuafitnaHtimRBtintjtBlRaHtinmafinas tetJTtnftnsttnnj 

n v- v d Uu 
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/v = T = ' 



A ml 2 / 4 



tutu p ^uamiJniinaHiriinhn^i3fnuaHm5 a ^rnariitiHsmHiuMiTt^afnu sti </ tfmtifi 

dj UiJi^-u UvJ^i U U L-y n 

tlfiiuwfi i tsisusmssHiGrunrunti 

IS- dj 

P = f v A 

im*n^mi^nnanntinin?iiB8HaBB[iiit3tiimflim nQ[unnBtiHistitH§iQtStUHiQtQitutns t i mt 

dj ct i h is- cu u 

rnslmsras rid b tnstuRtmAfuttiftim inmilmniJnTrnHHaitiMraMiTt^timnuiJiiTitsiHSfTin 

ct u s u u «=t eJU m UUt>Ln-oi 

aHm9iaiRtnnmiintmiaRMin mRHiastiritiJtiiH8rrifimt3nrsustusJntrit3rura t i RtjRirimss 

i) n <* i -vt i v m i <=* 

RtntiP = 2/ v A iuimuBma8|RitnBimuiitJi double shear i rmuiBHUBsialniamiRBauiSa 

BBBUijRiR tits fiaauiSBTuliaiuMirt^afnu ttnuu 

w cu *>.£u ctruw in n U U U cj- 

flBmaRtitRltirifi 1 

IIUtmamiJlBHmigtRMTHIU shear connection mRCiaaamilJlBIUMltiRIlJniTflftnB 

U li U U cl ct Liu 

mu ttriffitjistsIJiTRltnsraiatufitjinjttaR: 

v Liu ct 

1. mrtiiGttituutuntun RiiBim ntnamR UHHtinRniaiRiaitiRiiJtiiTRiRfnui rawsra 

n "nj eu m u ct ct Liu ty U 

Hi3fiJl3fnJSiniTtlltnS?ifntj RHItimmtd! gross area St3 effective net area TRitilBHItifil 

n -oLiuoiu-o 0 Lru n 

HITtumBaiunaiamiRmU block shear RTfiftnantmilin 1 tfiRTfiiTfifinBRT block shear tsi 

U u cy Liu Lru Lru u 

ntimiRmu beam-to-coiumn c tatnBiifunuiBlRiaTiriRB cu stisu! mimfiRTfiftnBnfuntfrBl 

ct i y lJ ct V Lru U 

nti aisc J4.3> i Hi{hJtiist3|utfistsrriJRmu BtiRUtfiRUBR ntumjRfjimsIsti gusset plate 
S13 framing angle BlHBlJBfRlftfl1fiM|jnU RtiJflitiRlfi RtiJRitiBini Rr3|Snt3C1R Sti block shear 1 
RlIR[lilB1RlIRfi1UraMHaRIi3RlI91fTlTRitnBl5l9TaTMURltilHmaaRlIR[mBlHaRIl3RlIBlfnri 

iy n -o Uu c* x«J U ct u n -o 

iTmsftniilRiimiafinasmRBaRiiffRrTiiBiHRi 

U ct 

2. mJuTOraMttamutUTRlfnmuirarmJ bearing ItJtmnSRISTtiltiimiTRfafi'lU 1 TtJMSra 

ct Lru i y nvJ U U u U 

raiimainBBinn^tiiTR^ijniuuBBuati ttliffitf^afntjTRlmsMSRtriTRlmstlififfiiiitnfistslRia 

U U U iy n n Lj cJ iy Lru Liu ct 

tmurua ttinsifiaiTR^amti aaitiRitJniTRifliuaaiRRmairaatiiamRRnjntiiiBminTRiuM 

U c, Li lJ iy Ct Lru iy U n U 

iTR^timmalititiifiJtmiaRHafRi mtunssrafmsutiitmslmsras ri.cM niarfriiasiatmmcijn 

u U cy dj l n Liu U1 -\a ct y 1 U U Uu 

HRUIiniBltRtS A tSlfUSJtal^Rti B 1 tuHjlRfIl]TiJtU IRipRi3|fliaH13JH!lJtlI|RftnBR[mB1 
t^itutanntriasmtiTmtintuug i 

CU di U 
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d 

n 

<r £F-;i i f 

•d 






titsISS bearing stees ftritnatmna'lttfim f p =P/(dt ) iuEU P tilRHiailitllHafH 
Hfiinfrrafafnu. d thHanSniraitirrm sia t tiinrinMiuMitimiJtiiiaai bearing i tiBtBs 
bearing load Pi 

P = f p dt 

minimal bearing HiBinawnimrMHftncTiiiJimtmiiRHiaiuMuaTtiiiJtiiialimi uufim 
MiiBHimriiBiglTtiainHntiaMuJIiuMuaRHiatiHims ttouttirmslnmus den Htinmfiau 

ts & Li 1 ct dj t^iuWLn-oc*7J V 

9JtJ Si3QH1ffiniSiSl|tit3iPiHHlSfiSnCUiW bearing strength 1 




H FIGURE 7.6 





dm. Bearing Strength, Spacing and Edge-distance Requirements 

Bearing strength HSmnSt3St3|Umsrarji;^t3mUi;S nip§nl3[fnt3^tlJ[RJnBlJ[iniSfl 
lalllSltifiltiWTStffTlU HBtHBIBllWITfitofTimB 1 MTtnUHimuiHlB* bearing strength Rtitstilti 

ct L»u u* U U 03- U v l v 
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fiTHffTUHttfin Si3 edge-distance RHB9in9tial3Ttnn9ITR^t3mnilJl HJimflTRftnSCfclinJnHSfiti 

Liu U Li U o Liu i i 

rmtimnfitiugTa atinwwijgim i 

U ot u w in 

RIItinjUjIUM AISC Specification fdjWd bearing strength 
USTr3UWfi3i38fi3 fifUJnthfTlitaCU^ntJfj specification of the Research Council on Structural 
Connections of the Engineering Foundation (RCSC, 1994) 1 



HB91Btjin}fiIUM AISC Specification (AISC, 199a) IRfifRftnBIttnBlntilMjfUTllBS tintHUTl 
HiBtumm:HaTnfm aisci laiintUMHmnBina rscs Specification 

3 Uu <=s U n ct 1 

TRftnBUiJiniini8MHmiHnni]ntmnBl*Bl3THftnBITU (E|91limm. RCSC Equation LRFD 4.3) 1 

Liu in ■'O Liu U 1 

mmjunuaii3I|fnH ItJninnnw Commentary lUCUttUlSIUfiffi RCSC Specification StinSjCUH 
imtURinniUMMHmi RCSC fdjinu bearing strength 1 

nujHtfiBltinJHIBIRRHIBtatnBri bearing G RfiintimRIUJm (shear tear-out) isl81l3 



tsaiuMtnmiJtiiTRiRfnu tiGuttirinsI minis ti.nl a i TUMBitntitfiBHiBnjnimrnnJBJUB t1.fi b, 

1 l Lru UJ-TJUl-octW U <ii 8 n't) V 

l 

failure load IBllWItiHmiBltimtinnMBti shear fracture stress FT till S Id T n Spl tl nl fi tl 

On W «4i '■'b ] lj vJ <4\ "VI 

^y = 0.6 F u L c t 

tt3CU 0.6F,, = shear fracture strees lUWltiRltiUJTRfmU 

M ct Lru M- 

L r = BmmnTtiainrHUMTuiuTiaigltiaiuMitimiJtiiTRffnu 

C zs Li i Li Li j ct Lru M- 

t = RTmMIUMltimtJtUTRffTlU 

U Ct L»u M- 

nWWiiWJUR 



1 n 1 



R n =2{0.6F u L c t) = 1.2F u L c t (7.1) 

fTHliffTlfi tear-out IB*IRRH1BIBlBiaBi3IUM!tiR!lJtlITRiRmU tfBltiUJUiJlCTl IJISlGISlS 

iu 1 c* Uu cy v in -o 'oi iu 

JSnJfitfSfdttliiS bearing load 1 l3HTR1It71IftIlBtlIRBIUMTtIIlJllti IRTRiRnfiRUJBRimRSMthiR 

o ct Ed V Li Liu n 1 

JUM bearing load UJroSjltfimWHfTU 7.1 1 ttiRRMRIBSMinHItRiglBti fracture stress RWlBti 



bearing area fi 



R n = Cx F u x bearing area = CF u dt (7.2) 

ftitU C = RIHITjJ 

m 

d = HtiR3RU9Tti 

n is- v t -4 
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HaniuMitimiJtiiTRinfnn 

n ct L»u iy 



m FIGURE 7.7 



Failure surface - ^ 

cC 

Failure surface J* 



(a) 




RCSC Specification IJUMHfni 7.1 Mflnu bearing strength 

MHmi 7.2 1 raMBraiRHBRRRUiBTgtirmm mmtii c mBmmwBa 3.0 i TUMBiuRtiiBTgij 

U v Li Li at v* Li uU 

Tmtnthfiftnsfm c jnBmmwBti 2.4 itiimtfigiglfitfiRtHuJnnRmRHRinh mmssmfmsti 

U L»y y cu U su Uy ct 

MlBWHIUMpitmauiIUini H4in. = 6mm (RCSC, 1994)1 IBiRtiIMjitfTllB* imtiRBmini 
RUlij[St3pffiM|H1ijfriJfi[UlS1 1 RCSC bearing strength fJ|jmuySjmmmmB[RJtnSfiJiE3t3l3l 
(j>R n tuth 

(/) = 0.75 

St3 R n =\.2L c tF u <2AdtF u (RCSC Equation LRFD 4.3) 

UJtU L r = clear distance tBlntigMTWUBtiHBRUJtlJHBffi RBaiBIBUgTaiglTtiaiRHinMIBIlJtll 

c ctU e* in 1 e* U vJ U 1 e» 

ibIirti uiglTtitiiRHiuMMini: i 

w ^a U i n 

t = RpiMIUMI|R)t3fTlU 

d = Ht3PiBrilJSTi3 ( HBIHBHtiR§RJUWTtmJTliatg) 

n is- u vJ n is- U 

F u = ultimate tensile stress lUMltiRIlJtllTRffnU ( HsfHBJTJWUgTiS) 

u ct Liu ty v vJ 

i 

ms ri.Ca UaiCnmsmstRnBHIfll L r I tSitnCUtt3CUREUlS1 bearing strength fdTH1UUSTt3 IRTfii 

TJ HI M U V l- Li y vJ Liy 

RBlinniBHimnugTi3IBl*ig1ugTa!lJtlIIBl!RTI mglTtiaiRHRiagMUJllUM bearing load 

t/ y w y vJ Ed -va Li i c* ot 
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UtaJTStf filth MTtnnniimftJtlltnBtliJlin bearing load Mfitg1ltifi81tiiaaiUMIBaHm51 tirnss 

L»U w- U in -o a c? C3 X) V 

HMM^MTHlUtiSTa 1 TRftnSRnJlSltflHtB L r UJHJflWI9lU9Tti 2 IuimnMMtiMTHlUU9Ta 2 

i n u u vJ Liu u c u vJ i n U u vJ 

TtiftnsPTcuisntjnHcu L r ttJnifiMifflTtiatfiHiuMttifiitJtiiTfiffiiui 

LfU V *- U 1 ct LfU M- 



S3 FIGURE 7.8 



K 

< > 


L 

_ C 




C 




\ r- 

_o 



f ► 



RCSC Equation LRFD 4.3 HlSRtHfJjHlt) standard, oversized, short-slotted and long 
slotted holes tflBtlJSti slot fatUTHUIBlBtiUBfn tmtilTUtfi standard holes IBlfiiatWfilfillBS 

u U & U ct U 

1/I6in. = 2mm ) 1 

U n 15- n 15- U 1-4 

i 

talinnjuJtijnimBiBtnm L r tttJHtimlfinmmmfimwia BtiHBtntnBUfitJiBH 2 mm tic 

c u n V- U ci V o- V 

ItJtllTfiimnBifia AISC B.2 MTHltiRlUlSl net area IHMHtimtimiBim 1 BTItilnnsfR tTUHtifi 

Lru ct U n -oU-oJUn 

faR d + 1/1 6in. = d + 2mm HS1HS d + 11 Sin. = d + 4mm 1 TUMSra h UttrnnHtifiBfiTtmJTlti 

is- Li in -va n v- Li 

ISIS 



h = d +1/16 in. 

ffllfiimBlIUM bearing strength H RCSC Equation LRFD 4.3 1 

!tJBfi[mfiaaHiB|UMgmniBiintii 
1-2 L c tF u = 2AdtF u 
tt nmmintuttJtiiMTHtiiiuim 

■n* U Lijj 

L c = 2d 

9Blfi9BaiB8HlB|fiftnBI|5lBt5H[mBltBliritll!tJtlIttJBn[mfi 2AdtF n wu: 
tJIMBIU L c < 2d i[U R n = 1.2 F u L c t 

^tJMSra L c > 2d i[U R n = 1.2 F u dt 
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Spacing and Edge-Distance Requirments 

ImBmtitljsfsaimUTfriSrJTHIU wrench socket AISC 

w u nj w. u vJ u n v oj U U U 

J3.3 R[Hlt33RtUIRnHfytSlHR] (center-to-center spacing) rafihftfjtifilU (HSl^USh!) BSynf 
fitsfriti 2 2 /d 3d iticu d i cmtumtitimH 

v / j L nj i) n is- u ij u* «/ U| 

MHIJ: (|RUSfi3) ttinJIlfjnHfijrarjltJtUria {jnlfpS^jlSlmi AISC Table3.4 tflHSRHSigl 
si3si/irafjygjt3 stiyjmgrafjyjti (sheared, roiled or gas cut) i finrm 
ttiEUfiMicmtiira 5 sti l p TRltnsuaifmsImaras ri.di 

t. Liu Lfl -o ct v 



a FIGURE 7.9 




Summary fo Bearing Strength, Spacing and Edge-Distance Requirements 
(standard hole) 

a. Bearing strength: 

<j)R n = 0.75(l .2 L c tF u ) < 0.1 5(2 AdtF u ) (RCSC Equation LRFD 4.3) 

y iffitimtsMnMJHjimsj?! 

yiMSra L c < 2d . (j)R n = 0.75(l 2L c tF u ) 

yjwsra L c > 2d , (j)R n = 0.1 5 ( 2 AdtF u ) 

b. RtUlR Si3MMiglTtii3mHHU]mtfi: rdTHlUTfnjgrd gimMUStilSIfdflB stitmastits? 

Li 1 eJ Li Li Li O ^ \J 

fJRH 

s>2 2 / 3 d OjifnnnnisffiH 3<7 > 
l p > men aisc J3.4 

fid'jJtntJ single- Si3 double-angle shapes tjTStgl gage distances |R!tnS^JlSlRl3 Part 9 of 
the Manual, Volume II fn.S)IJlCUmm|p^Sfi3§jmBHtJjtJJH1 1 
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qgmunn ri.&: Tsifinam RHjinuBTti aatimmiglTtiainHMTHinmiHfTiuiiJtmiiJiiniBiRaiug 

l_nj eJ v vJ is U i U in -o c* v 

ri.901 




65* (factored) 

A36 steel 

VC- diameter bolts 



aisc J3.3, nrainHujuimM|jnn|nugMBiaHMn 



2 % d = 2.667 






= 2 in. 






Htuintiimwa = 2.5in. > 2w. (OK) 



BHimiBlTtiainHHUTUIinMTHIUranBMmtJHMIlJtllBBtllfi AISC Table J3.4 1 TUhJSra 

*s Li] E-J U Li w Li 

IffitifdSfi sheared edges (RI[mtoni|RRtill3IH) I01§QHltms1|tit3mHHUjUrH1R l/ 4 in. 

Sqis§ 

V 

= 1-=T«. (OK) 

luHjfianm bearing strength 

, , 1 3 1 13 . 

Ii = a H = — i = — in. 

16 4 16 16 

tnnnanj bearing mtJtroHtimtifniBin] sia gusset plate i edjjmuHtimtimrmcTi stiiticu 
lalimiTtiainHiuMHiantiiaiR 

e»J Lij n 

L .= L p - - = 1 .25 - = 0.8438/n. 

c e 2 2 



<t>R n = </>(l-2L c tF u ) > <j>(f2AdtF u ) 

2L c tF u )0.75(l .2)(0.8438)f ^ j(58) = 22.02kips 



</>(2AdtF u ) = 0.15(2A 






(58) = 39.15 kips > 22.02 kips 



A 



StStSSCUn (f)R n = 22.02kips / bolt 
M|jnUIBltiji3IBjH 



ttananffcn 
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L r = s-h = 2.5 = 1.688/h. 

c 16 



<t> R n = <^(l.2 L c tF u ) < </>(2AdtF u ) 

^(1.2 L c tF u ) = 0.75(1.2X1.6880 j(58) = 44.06 kips 

<j>(2AdtF u ) = 39. 1 5 kips < AA.Q6kips 



tiGlSStUfi (j)R n = 39 A5kips / bolt 

MUnUHaniamiffltTl bearing strength fi 

</>R n =2(22.02)+ 2(39.15) = l22kips>65kips (OK) 

M|jnU gusset plat 

L r =L p - — = 1.25 - = 0.8438m. 

c e 2 2 



<t> R n =<t(l.2L c tF u )<</(2AdtF u ) 

^(l .2 L c tF u ) = 0.75(l ,2)(0.8438 { 1 1(58) = 1 6.52 kips 



(J)(2AdtF u ) = 0.75(2.4 



7 a A 



yv8y 



(58) 



= 29.36 kips > 16.52 kips 
titHSStUfi <j)R n = \6.52kips / bolt 



MpiUIBlJigiBjR 



13 



L r = s-h = 2.5 = 1.688m. 

c 16 

</>R, i = <^(l.2 L c tF u ) < </>{2AdtF u ) 

(/>(Y.2L c tF u ) = 0.75(1. 2Xl. 688^058) = 33.0Akips 



( 2* A 



<fi(2AdtF u ) = 0.75(2.4J — - (58) = 29.36kips <33.0Akips 

v 4 A 87 

fcltslSSffiR <j)R n = 33Mkips 



bearing strength hJ[HTj gusset plate Pi 



(j)R n =2(16.52)+ 2(29.36) = 91. Skips 

gusset plate HIS bearing strength int5tjli3 bearing strength JUftlHHfi ytsiSS gusset plate OJH 
(f)R n = 91.8 kips > 65 kips (OK) 
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St Sou: bearing strength, fitlJlPi Si3 1 

RtuisiusTta BatsHimiBlTtiainHiainaqffiumm ri.® tnBntHtiBmMnnuHtimtimimrn 

u w U 1 c* tu u Ct Li n ~o 

Sti gusset plate 1 fl8MmiHR|H1M titsiSi gusset plate HITH MflmUfilimtiBEimUUIimB* tfifRti 

nBnnnn^aufiiijnfiJniinBRTHiMiMatiia *i msraSsmQHimislQamHHismHsrjpn tiiusiti 

Sl3 gusset plate 1 



rt.ts. ygjiatiHfn (Common Bolts) 

imatnuiBHmnitnnuriiiMMtiiuMiTt^afTiutiiHmBa ugTtiBHsn taswtnriusTtin- 

n lJ in Li U ty u d w i ct u vJ 

MMtisMHBTRHtRtiinimiMtnirmnjnsiB ItsHmtininalRuimiausTiaiBtHtiai tJSTt3tiH?n tficu 

inn U 8 n l run cu n u vJ U u vJ «t> 

tfifintUtfl unfinished bols TnftnSfUPntlftjl ASTM A307 1 

m Lru 

Design shear strength JtifU A307 R <f>R n , tt3[UtHR[UltJEilMi3 0 = 0.15 ttfltU no mi nal 
shear strength Pi 



R n - F v A b 

O . 

tutU F v = ultimate shearing stress 

Au = TRSt1t^H8fi1fiJUfUttiRtutUPnStt5CTlJUfUUSTi3 ( ttifUtPifUltUtfl nominal bolt area 

U Li vJ <2i i ct u vJ n 

tJ nominal body area ) 

Ultimate shearing stress |1nltnS§JtSlfii3 AISC Table J3.2 Pi lAksi = \65MPa tutU 
cjj nominal strength 

R n = F v A b = 24 A b 



smtman rt.b: nonti design strength lUMfniHfnmiJtmittunialniaiug ri.99 uJiratumw 

^ ty lTI "\j ct 1} 

1 

RBItifTlfiSSti aa bearing 1 



fittimsttmtn: friJfifntjmutfiltnsijinQnuiRtjifitjiRtiurmH^ ttutmr^afnuHtutiTfiJtnsnQiJ- 

U UV Lry ct m Li lJ cy u Liu 

tifntBmsustUfrinuatQnntritatMFn'i nanrriuititTQsJiHistunnjiiaimTfutunafnmtuimjMfua 

EJ eu "ta ct Li 8 Li u ct in 

raMtTnfafnuHHi tBusiuHnfinTstiGsstn^timufura i 

Li U oy u u <*< i u U U u* i 
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■ FIGURE 7.1 1 






%" gusset 8, 





Bar 2% X 



1.5" 3" 1.5 



A36 steel 

%"-diam. A307 bolts 



Shear strength: fltjlRJflJl single shear tUltlJ design shear strength 
<t>R n = <f>F v A h = 0.75(24 A/,) 



Nominal bolt area n 




gtslSS design shear strength 

</>R n = 0.75(24X0.4418) = 1.952kips 
rdTtmjtjgTHnjB 

Li V vJ 

<j>R n =2(7.952) = 15.9 kips 

Bearing strength: StiJtJfj gusset plate ISIS 

beaing strength iilfd gusset plate StiCUU 1 

fd|H1tjfnJfi[UlSl bearing strength i{pHp§npUTIi3 

, . 1 3 1 13 . 

n = a ^ = — 1 = — in. 

16 4 16 16 

MptJJStJlnJtSltRjJ|tjl3m|HtJfj gusset plate 



h 

A: ~ L e — — — 1.5 



Lq L t 



13/16 

2 



= 1.094m. 



(2,\ 

2d = 2 - = 1.5m. 

U; 



ifrimfiru l c < 2d 




1 ( 58 ) = 21 A2kips 



fd|H1tjjS£USlSj?i 



— = 2.188m. > 2m. 
16 
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titnSS <f>R n = </>(2AdtF u ) = 0.75(2.4 



) f 3 l 


(3) 


vJ 


1 00 



(58) = 



29 36kips 



Bearing strength fd “[HI tJ R CLT1 FT 



(j)R n = 21.42 + 29.36 = 50. Skips 

Bearing strength DSStltjltj shearing strength utsTSi shear strength fill! i U1 til U hi Ed 13 J iJ hi R [HI it 
<t>R n =15.9 kips 

fil^ni! sheared edge 

aisc Table J3.4 r iy 4 in. = 30mm ttBtumrmHmns8R 

IpuijnBMtjnumtiBMmiunm sasfjssm RnnRtjgjiaR 3in = 15mm. ttiniBtiia 2 %d = 
2.667(%)=2m.. 

/F^27.‘lulflltmnw shear SiJ bearing, design strength lUMHIUlR 15.9 kips T (Btuntfl hJISffin 
RniTlHlJtBltiiaiBtH^roHBmBtnBTRRtlBRTlJBtil RtiTHItigitTlIBlltij net area IllWHtiRinBBti 

OJ \~su e_J u i U n 

tjIHRRtlTlfi design strength) 1 



QQltflftin rt.cn: Itnrftin 4x3/8m.[RftnSl{p^HtiRJl3mrmCTli;BHjSUSlljsa service dead load 
Skips Si3 service live load 22kips 1 Hi3RIB8TRftnBH[mBlITR1HR1IMBRTsl 119113 A307 Hi3R 
BR3/4 in. HmtilTRftnBiraiBmmUHtiRIBMgl gusset plate ItltUHlSRTHIfii 3/8 in. T 9113H13R 

is- v v Liu U w cj- n l, n 

JiJRlJ91ET13lJ gusset plate tfUtiR A36 1 IRIRTRiR1IU9Tl3UB1BTRin? 

~o A Liu V vJ | -'fe Li 

tifarmicmtn: ubrihriuir 

P u = 1.2D + 1.6L = 1.2(8) + 1.6(22) = 44.80 kips 
R[UlSltll9fnnrarjy9Jl3Htll T ngmumm ri.b shear strength R 



(j)R n = 1 ,952kips / bolt 

hiytntl bearing strength, IRHSMItURtlTIR Si3GH1tm9l$l31RH tiBlS§imi3fdSRt^l ttiBRCUlR 



(/>2AdtF u BtitlJU IB1*IBlti99tlltnB 



t/>R„ = 0.75(2.4 





f 3 l 


14J 


/ Qol 



(58) 



29.36 kips /bolt 
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Bearing strength ^miUt3MtjnUH[miB8Bi3H1|MmiWKIHinM L c M|Bnufj^tiBHHJ9 1 tsl 
until iiJnimHtB8tHftnanniimalRi3min[mmBi3i|fnm tsig bearing strength |n!tns|n?insfij 
tstalmms shear tSltRSSiatiltUH 1 

vJ 1 n i 

GSSygiiattitUTRfmJR 

U V vJ Uy 



44.80 kips 



= 5.63bohs 



1 .952kips I bolt 

mStn: tmustti A307 mamk 3/4m.QssrtfiHturfnu t i 

su U u vJ n is- wUwLi 



ri.Bf. yS|t3tIMMvl8M (High-Strength Bolts) 

ueimj^rjiagrjrjTHiunnjirarjiT^auaHisnrmitaR astma 325 sia astm A490 a 

t) w inn Li U U n 

mj^tu^ntlfj AISC MTtnmiMMti8MR^!tiR88IUMfTlItiw9TItIM specification of the 
Research Council on Structural Connections of the Engineering Foundation (RCSC, 1994) 1 
tJSTta A490 HIS ultimate tensile strength t5tili3HgTi3 A325 ItlimTfiftnBRimntsltnB 
nominal strength Rtilia 1 USJia A490 |RftnStllf1§jt|H|tnfdJraAntUtihl3ffiJHmHnHgjl3 
A325 inftnstmtjistsl rdTHimmtilHtfl^mStlJHISUMhllagrj (Bethlehem, 1969)1 tJSTta 

Liu U u ULiw inn yvJ 

A490 Hismmtitjlia A325 UtBtilBtfflinTHimiflBBBHBtiia 1 

eu eu l n 71 Lm i) 

mamonsg ygiia A490 sta A325 iriJtns^sTtatiiHmstanrHfiBia^tijm^TnRJiJtasJ 

c* EU U vJ Lru vJ XJ U e» X) v 

nHitamrimmstss i gBiumrn RBitisimitasIrnatjgTia A325 mat^R 5/8 in. HisthfiBia 

EU-Ni EU "V* U 71 vJ nUt '■'«> 

1 1 

\9kips = 85 kn i nmtBRBitimniHmnitnMTHiuHimmtaiBiJTnirniTnftnB^TtBlna aisc 

1 oy €11 'O eJ Li Uy Liu c* 

Table J3.1, M i nim um Bolt Tension 1 HtHBHm9IMBl3 70% tanMMtimfTlHUTUIHIinMUSTa 1 

eu w ^ i n -o w u tA 

tmniuniia!iJnnnTHfrnmHitimmBrauiB*mBHT98tiitnBRtnaiHiiJtiiuiai[TiiBlnaiug ri.®ten 

Lru EU "O Ed xi EU in Ct u 

UBTaramBJTRftilBimtnltsl fully tensioned 1 

TJ vJ Uu y 

iBlintiitfltmsiTRftnBHtiifnuiBiBiauBTa itimtiwrflimmiaBffiiniaMian mitmjsriatijfn 

IS. LfU u u vJ ct LfU M- V EU n U vJ U 

flnrmHaiMJ (free body diagram) lalfttaiTJB ri.sls a UlainithRHiaMaRMinilJWHIBHimW 

U Li n x s ' ct v in-oEuni 

i 

l^mSthmffnmMstanHitasicritsintaugTtai mwsramHsfRnHitammTRl p RHiianRRSia 

c* Uu O’ vi> ni -oc*uvJ U insu U EU 

iRRHiBiBlBiBiJitinmu i fimtiHnmmuJwmBiRRtnBR 



eu cy 



F = pN 
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tticu u tiiiHHimnRRMigtiifiaitimiJtiiTHffnn itfim n ^RmtiMi3RiiJwinaHiriiaiit3iti&ii3 

*in c* Liu w iu n 

mn rihium u intMtiiaatiiRSimitiiuMiiJR gmtnjcinStstji ^mrjfiHistuiutsi uhibitbsmi 

c* m • U 8 a <*i v <*> ct-^Ui 

!JtiIB8U9Ti3aHm5ialRi3RlIRfnUTRiinBtlI9nni3HTBUgtiial3UaR P = F 1 TtlMSTORHItiRfm 

V U vj 1) ct UV Liu c 3 Ed ei U EU 

1 1 1 

HSR IlStfHSHlS bearing tJ shear 1 {UNSTOP GtililF slip 1RRI9Jti ISIS shear Si3 bearing Si3 

tjSfignnnJwnjBmnjuwflim i 



FIGURE 7.12 



c 



1 


i 


r~ 


.i. i 




f l 



1 

Elongation 



Total = N 



Total = N 



TTTjTTT 






c 



if 



i U 1 1 J- 



V 



1 



(a) No External Loads 

p UL 



t. 



c 



JV 

N 

1 



Connected parts Connected 

and bolt parts only 



L 



IT 



N 

N 



L 



L=. 



T 



Ttt 

Connected parts only 

(b) External Load Applied 



fflJthgjti (Installation) 

iRiRBBnitnBRinagiiTiniiJtiiinBfnnMTRRiiJimiratunin? uBUTBiRmB^SwiTMto 

U III M 1 Li lJ if. Ed c* Li n 

HBmiR9TBBBUBMTmURllfil9Tl3U9Tl31IMMti8M (RCSC, 1994) 1 

, m£Jww U vJuvJ inn v ' 

1. Turn-of-the-nut method 1 laiS§tmnmmRnP:USn-nUlQ{Sl3{mm (load-deforma- 
tion characteristic) lUMITfittifTm BtiltiRItJUJTfiJmU 1 I Si 1 13 ClIH ClirntiTSi Bt3tT 3T43 HHISI G 

Li U O ct L»u t > 15- u O' V "C*J c? 

TJSTta HJRN1B1 SS1RSS13 stress-strain MTinUMini:U9Tl3H1BTRJtnaiTtri3HTR[maiRina91ITl 

V vJ U u n U vJ Liu Li Ed ru -\a 



tfnnnn&m 
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islmsugnn tiBiBswnnuTRugtri aaruinginMuara BBBflHtmsItaTfiJmnBmuiSfifitriti 

ct j; vJ u U Li U u vJ u 1 U l* Liu Ed n m 

mnimij|RltnSfi[inSl I Table 5 tSlRti high-strength bolt specification (RCSC, 1994) §]SftisS 

fiiuMisl!iJniTHimiMTinuBinitiii35raMU9Ti3ni3gitititiiii3tuTu!iait5Hi3HSHi Ibmitwibmr 

1 is- Liu Li o U i-d ^ lJU n is- Uci 

t|tl ordinary spud wrench 1 

2. Calibrated wrench tightening 1 torque wrench 1 RHItiJHEU 

itJniTHimnBHTgBWRHiamniRimmBlnauaTaTHftnBRimmiJimfnnnnimauaTaiBJtiiHmEiu 

Liu Ed u tu 'O ct u vJ Liu Cl 7J id u 

RinfiitJnraiJiniRtntigitTi t 

in -v* tu xj 

3. Alternated wrench bolts 1 IRTRifTlJ wrench niMMiuHTuiSTtiUSTti 1 R'lJTRRriBRTR'lJ 

Liu W id u vl Liu eJ 

iiiifiimaiBsinBninniiriJimTMtiitiiniMM t 

id s Li ij 

4. Direct tension indicators 1 Mini:ilJnnnBmHITU13lni3J5MlTMIB*n washer ttithtflS 

r\ U ot Un 

protrusion IBllWItiJTJWfl 1 I3linwftitmmflU9Tti protrusion ItiBfRHItiMtiRUJWWHlH’lTRtgl 

A <in u id A umn U 

BtiRtntigicmBlnaugTti *\ 

tu xa ct u vJ 



tie). Shear Strength of High-Strength Bolts 

Design shear strength IUMU9jaA325 S13A490 fi<f>R n UJnnHHimtlMMij t/> = 0J5 1 tjB 
ensatJSTtatiHfnttiJ nominal shear strength lUMUgTailMMtiSMTflftnB^TUJim ultimate 
shearing stress RtUlSil nominal bolt area 1 tPitJST-i3 A307 HS wt3tJSTt3 A325 S13A490 TfU3 shear 
strength raMU9TaiiMMtisMiriTMmgain[TiiuMU9TaMRiginauiarnRu HaMniBinautimR i 
iSHtMTHtlinamilTU reduced cross-sectional area IBlltltllflJniltiRIlJtllHIBinCTliaBiRtnaRlR 

Ed Liu ct Li ct ~t> xa U tu 

9S13 ISIS ultimate shearing stress rafdfl{?ilR[UlSi3 0.75 Uj tUtfl fa till OjU jTiUTl R jATElfl th t S [R SJ1 
ttiitJtutnainin iwrngriitifiJtiimBinin *i iiMMtirRftnB^nalRh aisc Table J3.2 TmturRftns 

vt -\j Ij vJ di vt. -\j | n L»u c* Liu 

MiamBiRhRirUJ ri.® 1 AISC Table J3.2 MUJlincniBinautimRtil “not excluded from shear 

3 ct ~o tu 

planes” ItliraMIlJlinrnilJtllHBIBlnauiarnRtil “excluded from shear planes” 1 TUmSSHtU 
tnmMRiBlnautimR iRMuJItiiniingRim “N” ftnoragiti A325 tBnjingiB8iriBwtnro ttJitu 

v'fc xa «x c* tu Li u vJ Li m 

A325 - n i mifdfncu “X” HiBTRftnBirniBHTuiJifTitsiiBiTiHBMRialnautiRiRig gsiuiitin 

Lru Li W in m "» v fv c* tu 

A325 - X 1 
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snnij cl. 9 



ttnfamu 


Nominal shear strength 

R n = F v A b 


US 


IS 


A325, iBcniBinautimR 

wt Ct (U 

1 


48 A b 


330A^ 


A325 , mcriHscsInauafnri 

^ -\a c* nj 


60 A b 


415A fc 


A490 , inrmBlnauljfTIH 

''fe ~o cX EU 


60 A b 


415A fo 


A490 , tarriHstsinauamri 

^ -\j c* nj 


15A b 


520 A b 



qgwimnri.G: mum design strength lUMHcmititiraairniainarag n).9cm man bolt shear, 
bearing Stt tensile strength JUfidHtiPi 1 UBTatalTtJtjlTtnfiB A325 HtifiBfi 7/8 in. ItflHJIBm 

n V vJ Li Li n U- '/fc -v* 

lUMflHBMmalnautimni HantflTTHfiBltiR A572 Grade 50 1 

ct su n U 




dramsffinm: shear strength WjWdySjtmtll 

A = ^( 7/8 ) = 0.6013m. 2 
4 

<j>R n = (/>F v A b = 0.75(60X0.6013) = 21.06kips 
fidTHItitlSTlaU 

Li v vJ 

(f)R n = 3(27.06) = 81 .2kips 

Bearing strength: bearing strength CfUHilfiBfUS 



mumrwm 
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, , 1 7 1 15 . 

h = a H = — i = — in. 

16 8 16 16 

ffifinBRJ bearing ItiWIRfimBfintiltlJ HtiRJiafTUmni Bi3 gusset plate 1 MftnUHtimtifmmn] 
Bl3U9Tl3!lJtlIlBl!RTITtil3inHtiiaimUMHl3R 

d w e*J Ui n 

L r = L e -- = 1.25- 1^1^ = 0.78 12m. 
c e 2 2 

2d = 2(7/8) = 1.75m. 

itflffifiTli L c < 2d 

tj>R n = </>(l.2L c tF u ) = 0.75(1.2X0.7812^065) = 22.85 kips 






15 



L r = s — h = 2.75 = 1.812m. > 2d 

c 16 

f n\( 1 \ 

p%S°o <t>R n = <j>(2AdtF u ) = 0.75(2.4| - - (65) = 51.1 9 kips 

v8A 

Bearing strength MtjnUHtiflltimimnin 
</>R n =22.85 + 2(51.19) = l25kips 

fflUlBl bearing strength TOM tifiJMlfi tiUJim 1 gusset ti iliatH 

L r =L„-- = 1.5-^^ = 1.031m.<2d 
c 2 2 



titsiSS = ^(l.2L c tF„) = 0.75(l .2Xl .03 if 065) = 22.62kips 

MIjnuttmjTiaiJigiBjR 

L c =s-h = 2.75- — = 1.812m. >2d 
c 16 

tiGISS </>R n = </>{2AdtF u ) = 0.75(2.4) - - (65) = 38.39/aps 

Bearing strength JUfj gusset plate Pi 

^R n =22.62 + 2(38.92) = 99.4fa>s 

Gusset plate HIS strength yt51Si bearing strength M '[H7 U G tin n 



(f>R n = 99Akips 

[HRCISRj tensile strength JHMHtifiJiimjmni 1 
Tension on the gross atea: 
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Tension on the net area: HSRIfimtiHMIUWHtifiTfiftnBflmn titttSSflHSHIS shear lag IS 

i n L»u w- tj ° 

tiBiB«miatnB A e =A n i ifUHtiRjtimnti 



mimmialiw net section tnBfitHRBtjltilfi 

~o cu V 

SfBtff : Design strength ru Eh h Elfin 48.8 kips 

rt.ri. Slip-Critical Connections 

IRmnBnmn^RfniHfTlUIlJWITUtiaTailMMtiSMtil slip-critical connection TJ bearing- 
type connection 1 Slip-critical connection ^miRfpUIlJWinHBHBlTnR^JtnB slip itlEUHS{inf 
t5tj1l3RH1i3RR?i 1 fdfHlU bearing-type connection t Pi H SHI RAJHIS slip With shear Si3 bearing 

mmsTHtiHfm tainarainBnt^aufls* tfiniMMAJiB RtnafiJnitnBHiriiwRniiHiBiRmBfatii 

vJ V* <=t u U U n nj n cu vJ 

i i 

tumimstn ntimrifiramss fatigue lUMtr^timniriBfnmtiintnstliRniMBraiRHBtTTiR^TBiB 

8 u U U u* eu UctU ] no jJ 

slip IHtilHmBl3RinRRIfffawiIB*Win9Ta IBIJIRTRiTRRriaRT slip-critical connec-tion 1 iSlfiti 
I|fi}l3uStilIpB IRHBmiR^JBIB slip It?im bearing-type connection JRftfi |RU|R1B *1 (OSji3 
/l 307 |RftnBIUIM|HimR bearing-type connection) 1 fiJ{H1U slip-critical connection IRtTItilB 

TRilRiBRiifiifffa^ltnBtii iBmssEusJnHiasimiSuamuTErisSB^tiJtnsnturiu'i aisc ji.h 

Lju o' vJ h tj tj cu -\j TJ Lj Li y U 

iitnnuritmBmnRnjimiJnjusTanMMfisMTRitRinBRHiaffirniniTi i tslna bearing-type 

U *>. tj vJ i 61 n Ljtj cu ct j i. 

i i 

connection RTHiRlIB1tnBIRHmRRRl3R1lSimaugTl3RIRTRitiWBiRHitiffltTlTRUTRiaiBHT9Ttti 

Ljtj tj ct vJ TJ vJ Utj n V cu -o u U E-J c* 

usmmijSijsEumtnsiS'flniislHR'i Riifii§aiB*mSRBf snug-tight condition tatnBiJjunu 
tsl fit3 tum-of-the-nut method 1 

ct 

IfflSUtilRlHpS slip-critical connection HBpnBHBti shear S-b bearing Rltfim mfifRi 



h — d H — — — i — 
8 8 8 



+ — = 1.0m. 



Design strength Pi 
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trims shear strength Si3 bearing strength JRUynBMtHIURIim overload ItiWJTlBIBfijtRRtnB 
slip 1 

^Hjfrumi slip IRfRiHIBUJBRnJIRMynU service load U factored load 1 imstifrlRIi 
fTlJCTlJ slip mSfmj:MS1SW{HTO serviceability requiremnent niulUJ R AISC Specification 
HSnjlR§J slip-critical strength ffltsflHnCU service load U factored load 1 

tittttiwtnsufununsimnj cusfnnstisa slip tiiHBRHBtatitiiRiimfiaiHmumRRtinBB 

v U a A i i i n 

S13 normal force BIB'lSltififnth 9B1R9Bl3IB*TRftnBUiJUniBlRa RCSC Specification itiEU 

nj ct Lru Lfi -o c* A 

imaiyiIBi9IB*MynU slip-critical connection (RCSC, 1994) 1 Slip-critical strength JtlfdRtin 

R </>R str ioEU (/> = 1 .0 Mynu standard hole iuim 

R str = 1 .13 juT m N s (RCSC Equation LRFD 5.3) 

ttitU n = mean slip coefficient ( IHRUilRRRWigti) - 0.33 Mynutti Class A 

T m = R«ni39irnraMITR^amUHmUIH1IlJnitnBn AISC Table J3.1 TJ RCSC Table 4 

N h =BBBU9|aialRi3R[m 

U u 1) vJ ofc 

N s = QSS slip plan ( TJtimrT) 

tti Class A tjlltattlCUinSltlRftRMRlSlttarafjlll tslnti Specification mStEUISISf TtltriStti 
tjlt1BBt9tfi IRIBiRaiMfiinilB* imtitTtJtfitti Class A tt3cuticusf slip coefficient RStfltilRUtifi 1 

Li lJ c* lJ Li<ii V 1 

Slip-critical design strength hi [H3 U U S] (3 H EJ l S single shear R 
fcstr = </>( l -13 JuT m N b N s ) = 1 .0(1 .13X0.33)7,,, (l)(l) 

= 0 .313T m kips 



Qffitnmn cl.ti: RiiRfnuiiJtmiuuniBlRtiiug rt®d nuusiti A325 h^rSh 3 /4m. taiBtn 

rarjJlMRiSlRatJtiRlR I iRHSHSnTIR^JHlS slip 1 mtiH^RJRRlJmni S13 gusset plate tiiyilRB 

luR A3 6 1 RhJIR design strength 1 

fltttfngffiTItff: Shear strength: MynuygjtiHHJ 

. ;r(3/4) 2 2 

A h = — = 0.4418in. 

b 4 

<j)R n =<f>F v A b =0.75(48X0.4418) = I5.90kips 
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HI FIGURE 7.14 




(a) 




Gusset plate 




Tension member 

(b) 



fjTHimisTtiusTfrm 

Li V vJ u Li 

</>R n =4(l5.90) = 63. 60 kips 

Slip-critical strength: l^mrmnRHSHSCTTlfi^jHIS slip slip- 

critical 1 n AISC Table J3.1 RH1i391[Tmi3U9Tl3HUTUIHin T m = 28 kips 1 nfilHfrii 7.3, 

CU -NJ ct V vJ E-J III 1 

</>R str = 0.313T m =0.373(28) = 10. 4 kips/bplt 
WTtnuuBTtitJB 

Li u w u 

t/>R str =4(l0.4) = 41. 6kips 

Bearing strength: iuim gusset palte IMlltiltiitni ISIS 

immsmip gusset plate iutUHlSnjTfirj 3/8 in. luHjfilUlSI bearing strength 1 



HtiRBnnmjnia 

n 1 * U 



, , 1 3 1 13. 

Ii = a - 1 = — -I = — in. 

16 4 16 16 



MfjnutuiuTiafiJtmalSnitiaiRiHnM gusset plate tfiain 

r r h 13/16 . 

L r = L„ = 1.5 = 1.0947/7. 



( 34 

2d = 2 — 

UJ 

Ufimimi L„ < 2d 



= 1 .5/77. 



</>R n =0{l.2L c tF u ) = 0.75(l. 2Xl. 094) - (58) = 21 A2kips/ bolt 

8 ) 



NtjnUtilBtBjfl 
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L r = s — h = 3 - — = 2.1 88 m. > 2d 
c 16 

utSISi (j>R n = </>(2AdtF u ) = 29. 36kips / bolt 
Bearing strength 

(l>R n = 2(21.42)+ 2(29.36) = 102 kips 
tnnnBKJ tensile strength rafdHtifiitimJSin] 
miBinttSlttU gross area: 

(j) t P n = (jtfFyAg = 0.90(36)^6 x ^ = 91.2kips 

rrumcmsilCU’ net area: H8fOfimaHtUrarjHl3fiT?l!tnS?lfntj titslSSflPTIS shear lag IS ISISlffiti 
sstutns A p = A„ 1 

D l n 



HanSnnmma 

n is- U 



, ,1317. 

h = d + — = — I- — = — in. 
8 4 8 8 



Design strength Pi 



</> t P n =<l> t F u A e = </> t F u t(w g -2>)=0.75(58)f^ 



f n 



6-2 



v8y 



= 92Akips 



Block shear stredngth: failure block fdj+TIU gusset plate inSBUltiBBtnMtjnUHtimtimiBim 
ttiJ ffiSfdmTfitifiTHIfj (JUS fl.96 b) 1 Gusset plate !lJ[lIinBRTH1tiilMatili3Bi3HianMMSHB 

ictUUy a Un l 6i v 

tjlti 1 flBIS shear- failure plane QSSHJ: 

O 

A gv = 2 x — (3 + 1.5) = 3.375m. 2 
8 

ufimtmifitnB 1.5 HanSHtmunanaHmtiiuJnraMUBTa 

nw-U c*ww v vJ 



A m , =2x- 



(3 + 1.5)— (l.5 



= 2.391m/ 



WTHimRsmtaitifnisini 

Li Li vJ c* ~o 

o 

A„ t = —( 3 ) = 1.125m. 2 

gt 8 w 



A -l f 
nt 8 v 



3 --] = 0.7969m. 2 



AISC Equation J4-3a 

</>R n = 40.6 F y A gv + F u A nt \= 0.75[0.6(36X3.375) + 58(0.7969)] 
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= 0.75[72.90 + 46.22] = 89.3 kips 
AISC Equation J4-3b 5] 

(j>R n = </>[0.6F y A nv + F y A gt \= 0.75[0.6(58)(2.39l) + 36(1.125)] 

- 0.75[83.21 + 40.50] = 92.8 kips 

R fracture (itiOimRCISSti F„ ) titslSS AISC 

X) e»Mct cu u V 

Equation 4.3b tUU 1 

design strength hl|H1U block shear = 92. Skips 

ntiBinmHtmBmnnimnBitiHMiiJtiitnainmiHiaH imaiuJtTitsiiiMMtiliJtiiTHfmaa slip ms 

ct c? n >jinLructr^ 

HtHHBtjltilR 1 

tu V 

GWtSJl Design strength lUhlRlUlR 41.6 kips 



gmuimn cl.e): HtinitiRiimnmtjnM 5 /8m. ^ftnasifrimslaij splice plate RjjnM 1 / 4 /n. 
assn? fltiiiJnitnauiJicniainaiug ri.®EM namtitutnauinmtiiuan service loadi imrmtiR 

l) v in ^3 C* v <2j LT1 -v* <2j Li 

A36 3t3 119113 A325 HtiflSfi 5/8 in. 1 raSsraiRHSCTTlR^THIS slip tRtPTTflf fTI JtJSTti 

V vJ n 19- Li 1 no ‘J 1 UuuvJ 

usistriu? HRimrdU0Tt3SHtU9ititiiut3icnHtiitinuri3U0Tt3m39rd90t3rari3us§iSR i 

| Vt> Li O 7J vJ U Lfl -o li X) -Ui CX <in 




D = 25* 
L = 25 k 



Pj 2 
PJ2 




2 



a 



*^P U 



thnmgtfinm: Shear: shear, norminal bolt area R 
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= ^(5/8) = o 3068/n 2 

b 4 

fiJBRfjl IBniUSTtiWRIBlRiaTJljRlR 1 ISIS design strength faTHTtitjSTtiHmB 

s^> ctnj Li 7J vJ u 

1 1 1 

(j)R n = <j>F v A b x 2planes of shear = 0.75(48)(0.3068X2) = 22.09 kips 
Bearing: Beating force 5/8 in. Si3Gtili3 bearing force iSliflJ splice 



plate RTHlfd 1/4 in. SHffi9 nititil UJimMlIUaRMIUiailW splice plates IMBtiUBmBllWHtin 
narmmni tsis splice plate aamBi|m*^maiinwiiJwR[jnMMiuraM splice plate 
RTHIWITJWHtiRJtiRlIffirTl 1 ITUHtiRSfiTtmiTlti 

u n ~o Li n i* L 

, , 1 5 i n. 

16 8 16 16 

M|]mupiuiia!iJnna1iRjiu3i3inHtiii3iR 

L c = L e -- = \.5- l ^- = \A56in. 
c 2 2 






2d = 2 



= 1.25 in. 



v<v 



iultlJfdlJ L c < 2d , bearing strength n 

<j)R n = </>{\.2L c tF u ) = 0.75(l.2Xl .1 1560- + 058) = 30Alkips/bolt 
M|jnuiBiJiBigjn 



L r = s-h = 3 — — = 2.312m. > 2d 
c 16 



y^SS <t>K = </>{2AdtF u ) = 0.75(2.4)| - 



y\ 



1 1 

1 

4 4 



(58) = 32.62 kips /bolt 



Shearing strength RtiU9TtiHmRfiBtjH3fitH bearing SltinJ tiBIBWWMiMTJWflimR 22.09 kips 1 

0 0 ot y vJ u y tu <-> y in 1 

TJBRIHHnflR 

1 

P u = 1.2D + 1.6L = 1 .2(25)+ 1 .6(25) = lQkips 
total load 



BBBUBTtiUJtUTfifRlI = 

U vJ Lry 



load per bolt 
70 



22.09 



= 3Albolts 



mSm: nuusnms itiwmiHmtjJHisnnmu tsIiwTtjtisHtuojtjfj splice 1 ugitiass Ttnu 

m u u w u Ll Uiu 1 W vJ u U 

THIUHlBTRiRlIMTHIURlIRmnia* 1 

U L*u U t > 
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qamunri C6xi3 ftinramtniBlntiiug n).9§ mJijisnBrjurj^msustijsausRmfTim 

Lfl -o c* v L»u U EaJ & -o 

mm 108 kips 1 HaniBSTHftnBfnUIfflaa gusset plate RTHlfj 3/8 in. ^HtllStiUSTti A325 ttiCU 

i 1 n Lru iy ° 1 u u u vJ 

HISHUrBr 7/8 in. 1 BUintslI13miUMU9Ti3MmBlni3U^Bninl3fTlH8Bi3 tlAtmRHSfTTlR^THlS 

n is- -s* u w ot nj £u i rn ,J 

slip MTHiuminmuiBs *i ntuirrass BmSmimTHtnuaTatmaimiiBmggtiitnBmliaHfTiu h 

-L l_J UJ- 1) C U U JJ W E-J W Ll w 

1 

HUjUlHI 1 IRIjmtifi A3 6 1 




fimmgrfintn. nnriricusfnnmrjusTmmcu 

U d TJ vJ 

RHItifflfiSSti: 



A b = ^(7/8) = Q.60 13/n. 2 



= <j)F v A b = 0.75(48X0.6013) = 21. 65faps 

bearing: UJimMlIRtHlMIUM gusset plate IMi3til|gBtiIUM!lJR channel titslSS bearing 
strength JTJM gusset plate StiRts filial tifi channels fJSRfilftTEfia L c itiWjjtfUSiaRlfliaitiElJ 
HSfRHISRlHRfilia 2 d fi3THltitigTl3S1l3Hrj 1 ISIS 

in su U n w 

<pR n = </>(2AdtF u ) = 0.75(2.401058) = 34.26kips 



Isis RtntiRifiggtinitn tftnss 



BBB!i9Tti!lJtlITKffni= 

u 7 J vJ L»tj 



108 

21.65 



= 4.99 



imsufiiusTta a tiwBfiiMMtiTRtimiBmiJim mnnirntmaugia e)rmmiJtiiintintntiitiimm: 

V vJ nwinUU w d w Lj lJ a 

mihts tt^mmsusTla tnrtntjnjtjj tiGutaimislRmus ri.srii (ugTianifiiTRfmBntfrllm 

l U v vJ U wTjLn-octu 7 J vJ u Ljv U eJ 

1 1 1 

ggwtnBralitiflmuHmmtn) 1 imaHBtnBBatiiiRfTiiRimBfiHSfnHHaHiafTiigifTiiBsnDnw 

u U W' w 1 n ^ 
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miMBmmfafnunmBtji titnsswsmnsumimnirafiTEtin channel tfiHrasiragitinjtjJTfiltns 

~t. Li U 1 X) V & ~o u 7J vJ %i L-*U 

TRnnBHTHBBafiinJiifnraiinBifTiiHmuuB i 




miffimaliw gross area: 

(j) t P n =0.90 F y A g =0.90(36X3.83) = 124 kips 
net area 

A n = 3.83 - 2(1 .0X0.437) = 2.96 in. 2 

iiftmimnmaHBmBwiwTuiiaRfnunRTtnniJ tiBiBMmtiTfiiinjfitHHBTHJUM u n 

Pi U i^y U v Lru U ni U 



Commentary 1 



A e = UA„ = 0.85(2.96) = 2.51m 2 
RHnammiBilW net area 



f i t P n = 0.7 5 F u A e =0.75(58X2.51) = 109 kips ( HJTJ) 

titnss wBmniuMHaniamimniRnDntiraaTtifiitii i 

V & n “x5 tj w u 

rannBRTRtinR sarmJmsIrtitimHmHsrjmasamria i n aisc J3.3 

Lnj eJ U Ui eu 



( 1 \ 



RUTlRHtJJTmn = 2.667 



= 2.33 in. 



v<v 



R AISC Table J3.4 
|UtJms1$i31RHHUjUmi= lj^m. 

REII1R 3m. 3t3^mf43t9l|tjt3lRHl / ^//i. tJlSI'[Unl3SfatnlaSl3flH 2| l3 1 

U e-J U U U 1 1 m 

HumjHinasEtimnrnm (trjusamna) i RroiRHmmHiRtiBMBHmsR 2 2 /d = 233in. i 

e-Jot n U tu E-Jcty / D 

fmnnjjti 2 y 2 in. 1 juiitiiBltjjalRHHujmtnR lj^m. 1 BmmHujmtnmtmBtitRftnBiijj 
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fdjjmmtijtafm bearing strength lUftifninmU 1 MEnUfflffilUim bearing strength 

imraHtinfln is 

U n is- d 

, , 1 7 1 15 . 

h = a H = — l = — in. 

16 8 16 16 

MfjnnpiuiiaiiJtiiialiRjittiainHiuM gusset plate tfiiam 

L r = L„- — = 1.125 - = 0.6562 in. 

2 2 



2d = 2(7/ 8) = 1.75m. 

UjltUfiTli L c <2 d bearing strength Pi 

f»„ = (S|l 2L C ,F U ) = 0.75(1 .2X0.6562 



(58) 



12.85 kips /bolt 



L=s-h= 2.5 - — = 1.562m. < 2d 
c 16 

titUSS (f>R n =</>(l.2L c tF u )= 0.75(l. 2)(l. 562 



(58) 



30.58 kips /bolt 



Bearing strength WJUMtHIUmJUfpuil 

(f>R n = 2(12.85) + 4(30.58) = 148 kips > P u = 108 kips (OK) 

JUS n).9tf UUlHinmJUUlUfmRtUJUriJTUlUTfifinSfinHtU block shear JSlflU gusset 
plate ( MIUlUnUHJtlUHIIUtS failure block JSluUtUtU channel UtiUPp OtS gusset plate HIS 
U{H1fiUhli3tfli3) 1 



M FIGURE 7.18 



Shear areas: 

A gv = - (2.5 + 2.5 + 1 .125X2) = 4.594m. 2 
8 
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luimuJimwiimfiinaiuiuna 2.5 lalmHttimHgHm*) 

o 

A nv = —[6.125 - 2.5(l.0)](2)= 2.719m 2 
8 

Tension area 

Ag t =f(3) = 1.125m. 2 

O 

o 

tints A wf =- (3-1.0) = 0.75m 2 
8 

tension yield Si3 shear fracture tjIHtSSfci AISC Equation J4-3a: 

<!>R n = 4°- 6 F y A gv + F u A nt \ 

= 0.75[0.6(36X4.594)+ 58(0.75)] = 0.75[99.23 + 43.50] - 101. Okips 
■[RSnSRJfiJITntj tension fracture Si3 shear yield tjIHtIJSfl AISC Equation J4-3b: 

<l>Rn = </>[ 0 - 6F u A nv + F y A gt j 

= 0.75[0.6(58)(2.719) + 36(l. 125)] = 0.75[94.62 + 40.50] = 101.3 kips 
n fracture (Ritlcumnnssa F„ ) tSim3fi3HfnJSnJHlSmSStill3?l fracture ISlRUfdHfnJSHtll 

U ue»Mct £U U <=* u 

titnss fJHfrusnjcusi 

V 1 

Design strength fi3|4nt) block shear= 101.3 kips < 108 kips (N.G.) 
lsit3CUfinHmiJt3?ml3mraiSs block shear strength fdTHItimJSfnmSiSSlSs shear area UfltlJ 

m i c* n 0 U W’ n 

mtisfifirmtJSTti i niMarainuiSBntinn aisc Equation J4-3b iBltnniutiuJnj i raimsutiin 

n w vJ U n 1 l 

tinmtJtiiTHfmiintiniinHuJim trial and error mtfim mnmtsiiJisTwimiiJiratiiwiJtjiiJtintDia 

UZJ U <in TJ 

BittB ISlSISS 1 n AISC Equation J4-3b, infj] 

0.75[0.6(58)A„ V + 40.50] = 108 kips 
timBSlRfHifTlJ A nv = 2.91 Ain 2 

o 

A nv = -(2s + 1.125 - 2.5X2) = 2.974m. 2 
8 

am 3 8 5 = 2.67 in. 

V 

ran 5 = 3 in. 

tilHtiJStiffCtnfi 3 in. net shear area R 

w 

o 

A nv =-(3 + 3 + 1.125-2.5X2) = 3.469m. 2 
8 

tUltll block shear strength fl AISC Equation J4-3b Pi 
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<t>R n = </>[°- 6F u A nv + F y A gt J 

= 0.75[0.6(58X3.469)+ 36(l . 1 25)] = 0.75[l20.7 + 40.50] = 1 20.9 kips 

h = l. 125 + 2x3 + 1. 125 = 8.5i'n 

ifiwwirafTiinmuwHRiiJnra^rniBiRtiiug ri.sdi 




mimtHfunaTtiiBlfitigmuiiim nl.nl Hisnjnnji^mrsmtusafinnrjusaHRism^ 

Lj U V vJ ct 3 i Li U u u tJ Li ] 

shs i iJtjiBjRinatiuiiJniguBWRHiaiiJwtiw^n^tDiTR^afnumSmtimHHRnB* itfimna 

V suin cu n u u 03- c O 

nmoHiTR nsgTRfmsamjRfnurmHm i njM3itfrRTnfmiBBBU9Tiaiww luimimrariitii fiBti 

U Uo ct l* m U Lru W W vJ U U 

l 

HBHiBmnMiHtBiB itfmmjnmuBtiHiBnjnnjUBifiSin niamamumss HRR[insiH8fnfiSi3 

1 U l & 8 if. ct ct 1 

1 

mBtiiTHMiraB: (i) HBRnBnmnSn itfimwBRtjifignnnBSHiBiBitiJtnB. (2) ntranmfiBn. o) 

Li Li is- **> & IS- 

iramiH utusnw 9MmaauuJ tfmmiBtj taHiBinnBfmnwiHTg. u (4) u!bhbbbu9|13iBht 

Li Uru U D | Li ‘va o»u^vJe»J 

99WtnBmimtHjuiiJtiiHiBtiiR[m:MiH|Bi ?tummmpB|u!uini^Bi3i^MnMtii|HMBai|fTim 



gmuimn cl. ti: Haniamiginiralia 13 ft samjRfntirarjfiTRltnsRnjisiriJTHitj service dead 
load Skips BiJ service live load 22 kips 1 tRHSHSCTnR^JHIS slip M|jnumiHfTlUIB*ig 1 
HamB8THftnBHfnUI9lBl3 gusset plate RTHlfd 3/8 in. tJBTJiJHTUBlni3JTJg rfJSO 1 ITUttifilfiti 

n Lru W- ° 1 U V LT 1 ~o ^ U U 

1S1CU (single angle) fd|H1UHtifiJl3fnJSini 1 IJTJtjgjia A325 StiltiR A572 grade 

i 

50 fdUJIUHamtimrmni S13 gusset plate 1 
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D - 8 kips 
L = 22 kips 



Stamsitma: uamHHimuJ w^fgugwR 

P u =1.2 D + 1.6 L = 1.2(8)+ 1.6(22) = 44.8 kips 

tEJiturmjstritJSTta aiaminiTHfmjgTtitjjfignnjtfw net area lUMHamtimigicn imtiBtisithSH 

v vJ u u v xJ rp n -o n 

tiiHtusamnr^rjurjusTa i mgimrMnfnniSMnMMTHiumitmntma. ncuiFiGsstjsTtit^cuTfif 

U Li V vJ \ o Lin Li Li E-J u u vJ Lijj 

1 1 

mi. iBumuHRimnniTaginitiiaigtnniMBiugiriiiJtiitnBtmntmaisinR umneirn hurBru 

eJ OlJU e» J m t) nw-w 

gitiSmaltHSIsn l/2iw.«13mm tgl 1 ]/,in. ~ 38mm UfttinRSlSTtiHil 1 / Sin. ~ 3mm 

vJ su / Z vJ n 

hJIRfIJTfciUSTfci 5/8 in. 1 Nominal bolt area R 

eJ v vJ 

^-(5/8) = o 3068 -2 
4 

Shear strength R 

<!)R n = </>F v A h = 0.75(48)A fo = 0.75(48)(0.3068) 

= 11.04 kips I bolt ( itfimMBHtsiinmMfiiBlfiautimn) 

1 vt vt t\ Ct (U 

1 

lultUtRH3HSnTIR§THlS slip tiBIBSR'linfTlUIBStjl slip-critical 1 IHJtiWBKtti Class A iuim 
MTH’lUUgTtiHtinSn 5/8 in. RHItiSICTlHUTUIHIR T m = \9kips ( H AISC Table J3.1) 1 H RCSC 

Li u w fl l*. nj x> EJ HI 1 ' 

Equation LRFD 5.3, slip critical strength M|H1ljug|i31S1ClJR 

</>R str = (f){\ . 1 3 uT m N h N s ) = 1 .0(1 . 1 3 )(0 . 3 3 Xl 9 )(l )(l ) = 7.085 kips / bolt 

lultB slip-critical strength RRtjlfcl shear strength ytsISS slip-critical strength C1J tl 1 Rili3Si3R 

[hlRQSSyejmtJltUtmniS slip-critical strength REffi{RRriSRj bearing Uj^UniffjfdUfdHtiR 

ntflHJMU bearing strength HSmtsRtUlRtnS gin^mnW1tliR|HlMHaRMB) 1 ytHSi 

BSSUSJfci= totalload = AAL = 6.3 bolts 
“ u • load per bolt 7.085 
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tfBiBMfirnimiuaTtiffl’iialra 7 Tsnth niMBiuimranitii inrRiuiBHU9TaHmrmm3HTinnmn 

1) Liu U vJ Li Li Li u L»u «n. V vJ u Li E-JO 

wshts i ras ri.ta® uiiimnmimTHtnu9Ti3iiJtiiinBtiiiiBB9THia i 

1 U u Lfl'O u u ^ vJ Li Li 

fTlJ?1tTHfUUS|tiS1i3tSot?iH11jtTUtnSS1i3Hfi5 SfT1?iUStIJt£j1tI!tTUStri 

Li U u vJ Li Li uj- Liu in Li 

1 

UST13G S1313SSBT5 1 

U vJ %) 

fLnnCUTiaTJSTtat^CUmSHlaeiBR 7 /8m. *1 Nominal bolt area R 

e-J u vJ n is- 

^-(7/8) _ 0 . 6013 m.2 

6 4 

Shear strength Si 

<t>R n =0.75(48)A fc =0.75(48)(0.6013) 

= 21.65 kips I bolt ( ltfimMBRTjlinmMRIBlRaul3R1R) 

1 vt wt -SJ IN Ct JU 

1 

RB1timCTlHmmH1MTH1UU9Tti A325 Hl3?iBfi 7/8 in. R T m =39 taw tiBIB* slip-critical 

cu -n* e-J u v vJ n is- m 1 v A 

strength Si 

<f>R str = 0(1.13 juT m N b N s ) = 1.0(l.l3)(0.33X39)(lXl) = I4.54kips / bolt ( tUU) 
IfiTfifRira9TtiUJtlJtnBHtiR§fi 7/8 in. GSS 

Liu u vJ n is- u 

-^- = 3.1 bolts 
14.54 



« FIGURE 7.21 




tiBlBMmtiirmiaTti A325ttiEmn3HtiRER 7 /8m. BBS 4 TRltn Cl AISC J3.3, RCUIRHUTUlHISi 

V Li u O n is- %) Li E-J 






s = 2.667 d = 2.667 



( 



= 2.33 in. (Uhl|H1USmSffiH, 3d = 3 



v<v 



= 2.62 in . ) 



v<v 



fi AISC Table J3.4, GHimSSl$tiSRHSl 



L e = 1.5m. 



(SultllfJSfi sheared edges) 



tfn/mn&m 
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ii^mtmntmtimimTHtniJtiniJifniglnaiuB tibia iTSwiiMHaniafniffun i Gross area tticu 

e-J U lJ tj ui -o c* y U n -o 

tnfmin 



p 

A > 11 

§ 0.9F 0.9(50) 



44.8 ? 

= 0.996 in 2 



Effective net area luEU|jnlfTlJ?T 

p 44 8 o 

A e > u = ; , = 0.9190m 2 

e 0.75 F v 0.75(36) 

lultEfiTU effective net area R A e = UAJ net area t uj CU "[R f fTI J FT 
requiredA e 






U 



rifniniTHfuuaTaiiJtmiuimialnaiuB tibia. tiiHmaauaiaireatiiafimaBMiamnaiiJtiiHafR 

UU^vJ in ct 5j u ^ vJ U ct eu in 

fTtHHT3jHrarj U n Commentary to the AISC Specification R 0.85 1 (I3lintlI?lJtUlRI|2MWM 
HtiRIBIuim IRHIBRIUIRRIH U tilHffiSti AISC Equation B3-2) 1 titslSS 

n w oi u 1 v 

> °- 9190 = i .08 m . 2 
" 0.85 




Btimffl net area ttitU^riRlIRtfrilti gross area IlJtlI|Rfmi 1 
L _ 13(12) 

300 ” 300 



^ min 



0.52 in. 



firmcujti L3 X x 2 X x X 

A g = 1.44 in. 2 > 0.996 in. 2 (OK) 

Onin ~ r z~ 0.544m. > 0.52 in. (OK) 



MUnumiRimai net area, l|UHtiR§RIB 7 / 



A n ~ A g - A ho [ e - 1.44 - 1.0 



'n 

V4. 



+ = 1.0 in. 

1.190m. 2 > 1.08m 2 



(OK) 
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RW1S1 U tilHffiSti AISC Equation B3-2: 



U = 1- — < 0.9 

_,-°2"-0.913 

9 

UJimftniKIHiasntiia 0.9 . tiBIBMTtJ u = 0.9 1 Effective net area R 

SU V Li 

A e = UA n = 0.9(1.190) = 1.071m 2 > 0.9190m. 2 (OK) 

{RRHSRJ bearing strength 1 

gusset plate gusset plate 

HIBRtjnM 1 / 4m. MflnURIUlBI bearing strength 1 MjATjnlIn[lflS1 bearing strength, 

imaiTtfHaRSRnmjna 

U n is- U 

, . 1 7 1 15 . 

h = a -\ = — i = — in. 

16 8 16 16 

L C = L C -- = 1.5 -^-^ = 1.031 in. 
c c 2 2 

2d = 2(7/8) = 1.75m. 

lultllfiBJ L c < 2d , bearing strength R 

</>R c = </>{l.2L c tF u )= 0.75(1. 2Xl. 03 l)M(65) = 15.08fa/w /bolt 

L r = s - h = 3 — — = 2.062 in. > 2d 
c 16 

^74f 1 4 

utslSS (j)R n = </>{2AdtF u ) = 0.75(2.41 — —(65)= 25. 59 kips ! bolt 



Bearing strength MIUMljnumiRfTlUn 

<!)R n =15.08 + 3(25.59) = 91. 9 kips>P u =44.8 kips (OK) 

TRRnSRT block shear 1 ^HmBausTafiJnifnuiBiitihSaliatiiHmBaBHimntiTiR ( retu^nn 

UuU u u u v 

m, ms m.bb) failure block THitnBUiJirniBlRtiJTJB rt.btn 1 Shear area R 

TJ Lru in -o Ct V 

A„ v =-(l.5 + 9) = 2.625m. 2 



A nv =^-[L5 + 9 -3.5(E0)] = 1.750m. 2 



( HtiRBfiTTJIUntitnBBBB 3.5 ) 

n is- U u 



mumrmm 
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Tension area n 

A gt =^-(l.5) = 0.3750m. 2 

A nt =^[ 1 -5-0.5( 1 .0)] = 0.25m. 2 ( HtifiSfitUtUTltitnBBBB 0.5 ) 

AISC Equation J4-3a 

<f>R n = 40.6F y A gv + F u A nr J 

- 0.75[0.6(50)(2.625) + 65(0.25)] = 0.75(78.75 + 1 6.25) = 7 1.2 kips 
AISC Equation J4-3b cjj 

0R n = </>[0.6F u A nv + F y A gr j 

- 0.75[0.6(65)(l .75)+ 50(0.375)] = 0.75(68.25 + 18.75) - 65.2 kips 
fJHfflJ J4-3bHlSPi fracture tiBIBSMHmnBStUU 1 titHSS block shear strength R 

U V 1 V G 

<t>R n = 65.2 kips > P u = 44.8 kips (OK) 
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mSm : tm L 3 K x 2 K x K tiiHmiafninfnmalitmSiaiia i nuusnj A 325 7 //«. 

or Li / Z / Z / 4 w co U^vJ nw./o 

tiBummiBlRtiiuB ri.b6 i 

V i/l-o ct V 



ri.tf. U9jftnMMiaSMJi3RlJgifTl High-Strength Bolts in Tension 

ti w inn m ° ~ 

IBlintllllJtllRmafflCnilJtllHBiRIWUaTaufimtnaRHiagiCniBH (initial tension) UBlU 

cu -o i d v vJ cu ~o x cu 

mrmsimausTmwsanHia^RJHsJEn ms ruiusrausTmmTum3T?ni3 ftinfiniuMmnaiiJtii 

-o ca vJ cu lninU v t-J l — i i l — • ct cu 

HBffiTfiftnBITUlBmUBIfimtiNtiR un-mtijfl (clamping force) IBlinjfriRUJnJTRiRfl'IU titsitlEU 

i n Liu U We) m n cu x ± G ct Lm to y 

nnilRUJim Kulak, Fisher, nig Struik (1987) IuimtRftnBUR|ftnmia1giB* 1 JUS ri.bti UtiTCTin 



Rtinnjr (hanger connection) JtiEUtajJSjmtfltB structural tee shape UJnJfRftnBBratjBJtilSlBti 

rmusirntmujurj w-shape BtiiaBfRtriasim i ustujsieu BaBiimmaitimiJtiiTRiRfnu mi 

cu U A u CU -o u lA ct Lru CO Lru 

tnsMRjiHs BtiipminwtfiRuaR i 



■ FIGURE 7,25 




tJnrrnHHaitiiJiuMfTiinfTinHBintiiifiRUBRTnftnBuiJifniBlnaiuB ri.be) ai JiWRtriti 

u u cn to l & Liu in m a u cu 

mhHMtiimnana i uJHTRiniJitmMtiJ RHiamhHMTRitnBManMiHTBiBtuHminMuaTti 

cu ct EaJ Li i) cu Liu o l Lj U V vJ 

luimBnjnnSnHBTnftnBnm niMBrainriBiiiijnitimiJWTKinmniJiBiiJimiaTR mniuuuis 

15 - Liu Li ct Liu CO vJ cu tJ 

RHIttSiniJUfjuSTU T n Sr3RH1r3Jfi JRfci (normal clamping force) N n tt3nJUttlETlt3lBt38TRftnS 
nfifltUJM 1 tuHt^JHIStUSU IRTRfRII T n =N n 1 IBlinnJUJnnRHBiRRtntiS'ltitTRl RHItilBlttlJ 

U E-J ^ J Liu U U l Cl cu U cu 

RiiRmuTRftnBuuifmaiRtiiug ri.be) b to f Rnjnti^TRBihairnMimiJtiiHBiRHRitiraaTti 

co Liu in -o ct ^ ,J iu -o i in uvJ 

HUI 1 JUS ri.be) c UlIiniRHiailJWHIBHiniWlJnTRIHHaiMJjUMltiRIBWlUJUM structural tee 

X) V in m iu u u in ct cu 

BtiftiRltJtlJTRfH'lJUWUSTti 1 URRtntimHBMHRIUSTti tmaBBtlltnB 

ct Liu Ct u w y cu U U w 1) 

T - F + N 
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RH1t3 F BtiUl§BfiH1timrnJUMtj9Tti S h *l fitnaMtiRIBlntiWlTJ 

iu ntu u vJ ‘J u is w n c* w 

IUM structurel atee Si3|RftnSfTIPitJSffi tilCUStaCUllHIStltUlMS ^y Z t^CUHISSfJSQ 5 b 1 SS1R 
BBaifiaRinaHBinB Bi3u!rHUTHWRini3gi[TiiuMU9Taint3TRftnBn[mniJti&iaiTrnH: 

6U 1 n U Uu cu 'o V vJ L»u v u 



■ FIGURE 7.26 





(a) 



z 



I — i 



1 



441 1 4 4 4 No 

T n 



f 

3 ' 

in 

4 4 4 1 4 4 4 No 



t 



f -j -J 6b=8f/ 



T ==T 



4 T 4 



F 

(C) 



n elementary mechanics of materials, fans |9 13 191 BJ ?T1 B if nj i U frJ U SnhTaHnjiutU 

HBiniWHann: 

i r> n 

5 = — (7.4) 

AE 



ItlCU 



P = RHItifflHHRf 

cu U 



L = jTnftiiuH 

A = |R9J1ltiH8fnn 

E= HgHIIHajlMB 

nrjHfnj 7.4 iratimtimniiRRHiti 

'O cu 

p AES 

L 



(7.5) 
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U Li Liw tu ct U vJ Liu c* v Li U L/ 

A b E h S h 



AT = 



Lu 



(7.6) 



ClMHfTlI 7.5 mgSCUtnsmTHUTHCURHIia N 

V U Uu tu 



AN = 



A fl E fl S fl 



L 



(7.7) 



fl 



tutu LfftiinTHirumrurmui TUMaitimiJtiiTRffTiu (imumtinn tsltism nuiQrsarsituraru 

Jl Li tu Li ct Liu M- tu c* y Lj Lj 

tjgjti S h StiRUlU[Si3|mraM1tJ S fl StiiMRlI ttilffifiJIJ E fl tfinMBti E b (Bickford, 1981), 



tuiffi Afl titflti A b 



A fl E fl S fl_ >> A b E h S h 



L fl 

tiUtSS AN » AT 



Lu 



tiUJUSjU AN ttU AT WRIBlBIB'mi 0.05 tsl 0.1 (Kulak, Fisher, Bi3 Struik, 1987) 1 tiGtSS AT 
HSTRftStflti OAAN ItJtmiiJUTltslRHil3IlJtlIHBiRfnRiraBRUBIRH1l3Ml3RIUM!tiRIlJtlITRiRfnU 1 

Liu in -nj tu in U e»tun c* Lru uv 

RtiFBiRHit3tStUTRJmnBmta§ittimStUTRf3Tiu , iiriRtQfTinRi tnturas ri.tari i taltcituttituttiR 

tu L»U W I? U Ct L»U U* tu "\a c* u c* 



mtinninfiramriRi 

tu ct 



u 



T = F 



T a + AT = F 



tsItntuttituBRStuuniiQttlfUTfil'ijJiRm rmatumutiiueni BaRtiriRiuMwiuRiMRi 

1 LfU tu ct V V vJ tu ^ C* 



AT= A b E Fs h =M]ls 



Lu 



L/h\ 



fl 



ttitu Sfi tj1RlOUTSi3TS1ffittltUTR!tnSl3RH1l3rUl3fitBH N n 1 ElfiJHRlI 7.4 

Jl v U Li Uu c* tu n U 



Sfl - 



NpLfl 

A fl E fl 



TjBWfllBlRaWHR'U 7.9 IffilatilS 



AT = 
ntuHfm 7.8 



f * - v N n L 



A b E b 

L 



o^fl 

\ H \ A fl E fl ) 



T a +0.1T o = F 



TJ 



A b E b 1 L b 

V A fl E fl IL fl ) 



F = 1.177 



N 0 = 



A b E b ! E b 

\ A fl E fl IL fl ) 



(7.8) 



(7.9) 



OAF, 



tttifmn&cn 
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m FIGURE 7.27 




tirnss lalsimiintiiiiJtiitnuiBHiinH n'mamcntsInatJSTaGtjiatTmtamcTn^mdcu'msxsItncu 

U n 6U EU ~o U cu -o 

tfrmtrasTmmuitiJ 10 % i ms tsltnnj^w^mtinjmlfritjmifirani Rmtisitinfrlttlnjmsralti 

vJ u w U in ct Liu iy cu -o ro U vJ 

si3TR!tnssm^ffiRHii3tt3wmstsTi3m!mtsiRi3tjgmi ramsramMSfitriRmtJsinitslR^tjgm 

LiU cu vJ Liu ctctyvJ Li ■**> cu 

raltns£3m§nMRmi38il3nftf (rawsrarasRHitisiniulH) nMmrammtisItJsmmfitltmtaR 

Liu fJ^SU Li Li W -O iy TJ & V ct 

ttJcuRfnuiuiRraninEn misRHitJsinitslRtitigTamltnsEicuisiBtjtjiia 10% i wimtimomsi 

UV EU ct tu -oc*Ul*l Lru U 



Tjgmnmfi3i38fjT?ilJi3S!ntJRi3T?fia?nHmHtt3CUH1StSlRt3 AISC Table J3.1 imstflfnmfntj ISi 




simulin 

■o 



Prying Action 

M|mumj?imtjfnmrasttlcun^t3fntjjl3RHit3mni RmijTsiaTsimrarjttamtlnjTRlfTitj 

U ty Li Li lJ CJ- cu -o U Li Li ct Liu ty 

H 11 jmSsRH 1 i 3 Sini^CUHS!filSitSn^l 3 fmjl rams hanger connection itiEUtnSUfmTO 81 i 3 

n cu -o i n LilJoU ^ U 

iwtjiTmHsmmfnmtinjHiscuR[ui:mmjaQtJlcutnsnftjntj ^ rnrmsinimsHraftnsmrailTri 

Li iy 8 O U U SU'OO' Liu 

taimsti tifjm tmraraltnstimmisimaras fi.laca it 3 njraisramninRmi 3 ts 1 ichHmfirjrafj 

U Liu Lfl'<jctu U in -si cu n 



hanger 1 HSmtUltlCUiJSR81l31|filHS!R RH1i3fi3^mm3 (normal compressive force) N a ftJHEU 

tksliWHmrafirasm i islmcmttarasmisl?! rawsrafiira flexible ramms isiifistismsli 

n yJ u vJ <ijinLi cu U U u Lj 

Tsiratimticurnnm imraRmtiMaRstfmcuisIsiiaijiararjfiJitJi mjmmraRmmsltilniiss sti 

Li u Lfl-va cu n l cu UcuvJ-o 

mirassiRssmliirasRsitiHfj imraRHilisinirarjtJsrasiamstsm i ms ramsrattamtlcu 

Li <in cu -o u vJ vJ 1 n Li ct 

T?l!fntjHlSCUR[Ui:li3TRtjT?nS JlSUHSHlSfnJttlfjtJmmmS tmtURHSHIS prying action fan 
msstutnsmHHRtJJHirarj prying force isimnjitInjraRmiararjfiJliJisimtigtjiHrasiaitaR 

V cu x m/ Li i cu V c* 

fawTstffriutiiBigtsn 

Liu c y U 
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lalnaminmnuiingia* bending prying force inainmBtiinimrtiiu 

ntimmimmitimtitiJTflJfnth aisc J3.6 RTHf^iRRumtu prying force iglnamiHirnmnina 

Ct Ot Lry Liy U- I J O ot EU 

mrniiJtiiHaimtmra^afnu i 

■xj i n U U w- 

B FIGURE 7.28 B 0 B 0 B B 




Before external load After external load 




I 

Maximum prying force 

ItiWllMMtjnumimUiai prying force ItJtUtlsntU Guide to design Criteria for Bolted 
and Riveted Joints (Kulak, Fisher, Si3 Strick, 1987) HlSlSlfjtS Manual in Part 11, “Connec- 
tions for Tension and Compression” (Volume II) 1 RJndtilRnBRtutU^lijlSIRRnSRJfjIfTlJ?! 
fTIU structural tee shape lUltUluRlRr3RnijtlJ8i3Stlj8r3 ( a pair of back-to-back angle) Si3 
TRftTlSRRRrltiJuQFniuJ llRititUiJi3Ifms1SiSiHISSJi38fiJR1iJSmR^tUS!tlJSt3tUt3RR1 1 

L»u cttuyct Lfl-O 1 Cl Cl 71 d 71 

^SiflnnTtJRnnnwnTHliJtmiiJiiTiiBiRtiinB ri.bdi TRURHitimaHMRMTHimmm^a 

U U71 l/l ct tj Utu U 1-1 U 

fTlUHtU 1 titslSS T ^Rinagi[TlIHH[II181i3ITRillJtlIHafniBllt3!HU9TaHm. Q til prying force 

cy u V m -oi U ici u w u i ^ o 

l 

lutUTRlR1Si3tJ0Ti3HtIJ 3t3 B r tjTRHIiatJSTtafimJ 1 Prying force tnaiRtlllBltiiaiUMtmU Wlttf 

L»y ctyvJu L CU 7 J vj 1 «' 1 EU 

flWlSRlHHRtiJHI 1 

m 




HSR1R B-B ISiRUJtJS ri.bd b 

1 c* V 

Tb-M a _ a = Qa ( 7 . 10 ) 



ttananffcn 
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nras ri.bdc 

v 

M b _ b = Qa 

crntmtu, RHiatiiaaTRffTun 

1 U cu L»u 

B C =T + Q 

MHmiwaamtiuia*HitsumnimiBHT88tiitnBMHrnn9itiiMTinuRini3U9Ti3Miu uJujihuetihj 

I?. ct eJ u Li cu u vl i u is- 

sitifisncu prying force i tSutiimtinimRHitjj « tiititmntnifiaHHtiRaHmimsnTTiliamH 

V LJ7Jc*wciU 

HiiiinmHmuaTaiWHHtiRaHmaRsnraiiaialTntittiRW i wnnuHRiuaTti. raliatii net length, 

Cl U J) W V ot u n u Li<ii Li U ^ vJ Li 



(7.11) 



(7.12) 



atstas 



a = 



M b - b l{p-d')_M b _ b ( 1 ^ 



M a -a / P M a-a\} -d'/p 



M 



b-b 



5M r 



(7.13) 



tt3cu p = raiiaiiapjmniuMtmuMTinuuaTaHm ( raturas nl.lad a) 

2 U 6u Li i) vJ u v 

d'= Htifi§RJUWTtmiTltiU9Tti 

n is- Li V vJ 

„ . d' net area at bolt line 

o = l 



p gross area at web face 
M a _ a = design strength at a - a = </> b M p = 



■Fy!A) 
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B C =T 



1 + - 



(7.14) 



tffitimtmmnjMHmjcuM 7.10-7.12 laHTBstutnamnauaTaMiu. B r : 

is- w u cu v vJ 1 L 

1 

Sa b 
(l + Sa) a_ 

tiinrasa uBmaniBBtiitnBtiMHmi 7.14 itDaBaBBWtnBRuitjTBtiTBimBiatmBSTRarsnaBicTi 

u <* 1) u v U U c* i U -o 

tim^nt3us|t3HSTR§iSEritiiHmHmrarjusTt3 t i tftnss RHnanauBTaiatu^TuJitDMHmi 7.14 

(T1 c* V vJ Uu 1 Ot U O V vJ V CU ct 1) vJ 

HSTRlfntjIHffiSaCUStsCUntfiJIRSI iBHtBBWtilBtllBtitllfatlltititnB HHTRlIRRlria B r JRtmsI 

L»u c*we» eJ u cJ 1 Li cu L 

msRturafj tee itfitmfmon di 2 tt3cu d tiiHanSnuBta i asiBsmH b sa a TRftnBimratii 

n r*. jj w y cu L»u U 

b'=b — — sa a'=a + — 

2 2 

(iBm^TTRJatitllBtitlltllMlBBfnaiRtll RIHITJM a HBTRfBtiia 1.256 IB) 

w JJ U!) a h cu Lry 

tiiHmBarniaiMuiiBsimaintiMnMiMHmi 7.14 tfi 

1 n 

Sa b' 



B C =T 



1 + 



(l + Sa) a' 



(7.15) 



ItiJtimtsRCUlFi a nMHffll 7.15 IEJltU§jnHims 1 nt 3 yS|t 3 B c Ifdislsa design tensil strength 

itiwimaMRitmii b 1 WBtinjitinjBBUJtnBR 

c3 U 

[{BIT)-l]{a'/b') 



a = - 



(7.16) 



S{l-[{B/T)-lla'lb')} 

IRintiinBfiTIBfnnnniinrii: tensil failure JUMUBja sa bending failure JUfj tee 1 IR 

MBRIjI failure JUfd tee mfltflStSlinnnanJMSinWMti (plastic hinges) IRRHIBtfitSHSR'lfi a-a, 
TfiijfiWIUM tee, gatSlTfiiaHSfTlfi b-b 1 ItfimiUlRIBJflBatJlSfitil beam mechanism 1 HHiaiBB 

Riamaisssaimsa m „ latiitiitiiBmnHHtitnMBiBTuiiaiuMniifaiaMmijiuMwiuMTinuu 

y o v cu d* U U cu u v 

STSHtm TilMSramHuTCSIRJtJfj a iflWBBWtnBnMHmi 7.16 Rtstiia 1.0 ISISHHliiSlTRa 

vJwUcu li V V Lj 

HRIUBTafiBtfiaHHijlBlTfiijfitlj tee I ^CUfTUtdnmtal beam mechanism HBTfiftnBUlSfilB 

u u w u v U in -vs Liu n 

i 

rmsfnnnnjifiTRJtnsRnfifitii tensile failure rarjusTai RHiaugia B r namamss saiwsa 

t\ Lry y vJ cuzivJCct v^> 

design strength B 1 {UWBItJfilHtflBBlfiJTJM a >1.0 ISIS plastc hinges BtilRRHIBiaitHti a-a 
sa b-b ItflmMlBmnnimfiR flexural failure JHMMimTJM tee 1 ItfrmtmJIfiHHi3TRi3RIBaBia 

cu TJ Lj cu 

nilBJTRftnBRIlilRTRHHHlatnMti M „ ISIS a RIIRiBlBRIlilRIMBa 1.0 1 

Lm U u cu y u V 'A* 

fdHfTlJCUSafl 7.10-7.12 RHIBTRftnBIHUmtllRirnmaiMHfTlIIRHmMTHIURimRRTinM 

Ljy d is- ct cu V Li Li 

win t f 1 nrjHfm 7.10 sa 7.11 imainBwnwj 

eu J 
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Tb'—M a~ a ~M b _ b 

to b' b i nMHfnj 7.13 



Tb'-M a _ a = SaM a _ a 
M a _ a IfrJStS design strength tPTSSCUtJIS 



(7.17) 



M a —a ~ p ~ fib ^ 

tutu t f tjinrtoimutoTfifmn tjbh M n _ n tQlmardHfn? 7.17 itrtassEUfns 

J Li til Lru y Ll Ll ct y 




f \hP F y^ + Sa ) 



to 4 = 0.90 



4.44477/ 



f \ pF y i^ + Sa) 



(7.18) 



fTlimmmmiHfTimiJtlinaai prying action tiimnjiimiHimm trial-and-error 1 iSllHEU 
IjTiMUfdSiJI BtiBBBIUMyaja imatKilRRmtnjHBnMIjnn prying force 1 mn^MHMnunM 
tee mBmitiitnRtili3IlJimWllflfflRgt3I9lBi3fnniSMf?MU9Tti StiStTI tee 1 inmtiim Prelimi- 

Li i) xJ Li 

nary Hanger Connection Selection Table lutUHISiSlRil Part 11 of the Manual Mfjnutjtll 

MTHwatiimniSMUMiunaMiRtma i iBlinwuJnnfiiitolfwHSRifirmRWTti. Itosstto sia 

Liu Li V Ed Li] Ed y u vJ 

mimTHtuusTaiBiuim imnBiraMHmi 7.15 stt 7.18 iHtmtitiatfifi 1 

Ll U v id y Ll Ed <£n\ cii 

TUfosmnrHirjrmu^mrdasrdnmmStiJTRjfnr fitHtfiRiNtiiuMa sto r RHrcsfijnH 

Li U EU n 1 EU Lru Ell n L 1 c? 

tolRtnBfiimBIRBtiHRltin TUMBlUIRTRfRinauSTatiimMa tolHUmtUmta prying force 

Ell Li Liu eu U vJ r> V V- 1 ^ 0 

Q IBISIRtRfnnilR a 1 

M b -b = Tb'-M a _ a 
nrdHfni 7.13. 




Tb'-M a _ a 



Tb'/ M a _ a - 1 

8 




a— a 



iMSlSti design moment tfi tflS 
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M a - a =</> b M p = 0.90 
TV 



( 2 ^ "N 

PtfFy 



— 1 



tSIS a = 



0.90 ptj-Fy/ 4 



f 



8 



4.444 TV 

pt}F y 



-1 



ininBiRRHiauaTtiMinnMHmi 7.15 

nj v vJ 1 



(7.19) 



qgwitnfi rt.d:wT 10 . 5 x 66 ralia 8 in. rnftnamuiglaatnHMiniuMBH titmtiiimslnmus 

U Lry w- tu ctym-octy 

Cl.CTIO *1 Hanger 90 kips 1 ntUlPi13SSlJSTt3 A325 HtifiBsi 7/8*n. tl3CUTfTfmi 

C3 V rfj 1 1 wwvj n 19- Lru 

aaitija^naffTinputmaiuM tee i A36 i 



■ FIGURE 7.30 





WT10.5 x 66 



12.44" 



5 5" 

1* 


1 

t f = 1.035 




' 


jus. 





0.650" 



dtamxmtn: rngnitinajan 

U Li vJ (* u vJ 

n{ll%) =Q6Q]3in 2 
b 4 

ttfim design strength mrjyS|t3HtUR 

B = <j)R n = (/F t A b = 0.75(90X0.6013) = 40.59fa/w 
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BBBU9TtitaTRfmiH 90/40.59 = 2.22 1 BBBUBTtiHUTmHIUJWTKifTlffi 4 iBmjfinmnMIH- 

U 7J vJ Liu i) v vJ EJ Liu eJ O ] 

T9i rlBiniiJtmiiJitniBinaiuB ri.mo 

U Ln ~o ct y 



, (5.5-0.650) „ 

b = ' ’ = 2.425m. 

2 

(12.44-5.5) „ ^ 
a = = 3.470m. 



1.25 b = 1.25(2.425) = 3.031m. < 3.470m. 
tUR a = 3.031m. 

b'=b~- = 2.425-— = 1.988m. 

2 2 

a'=a + - = 3.031 + — = 3.468m. 

2 2 

nBRBUJIlflilHRimfjaHmyBJti itfltURRSIti prying force R r = 90/4 = 22.5kips 1 

pmnsi £ : 

8 8 8 

8 

p- — = 4in. 

2 

8 = 1- — = l-i = 0.75 
4 



P 



Rtinsi a : 
B 



-1 = 4(159 -1 = 0.8040 
T 22.5 

a’ 3.468 



: 1.744 

b' 1.988 
nfJHfTU 7.16, 

[{B/T)-l](a'/b') 



a = - 



0.8040(1.744) 



8{l-[{B/T)-lla'/b')} ~ 0.75[l- 0.8040(1. 744)] 
UJimWII \a\ > 1.0 . EUR a = 1.0 1 HfilHRU 7.18 

| 4.44477?' |4.444(22.5)(l.988) 



= -4.65 



7 



pF y (l + Sa) V 4(36X1 + 0.75) 



= 0.888m. < 1.035m. (OK) 

mtiBBBUBTtiftitmnjNffM SURTHlfjfiJIURTRUTRlS nuEUHSTRlRiJRimnosiRtslHsssfRis 1 

U u vJ Li Li iu Li Li Liu 1 U 

ms iBHtUiJimriJBftnTMHimBl lEUtiRtlflSl prying force itilHJITtfNHmi 7.19 Si3 7.151 H 

in w in -o Lin 1 ^ 0 U 

MHfTlI 7.19. 



286 



Simple Connections 



IgjimstfifinffimmiSMmtji 



Department of Civil Engineering 



a = 



8 



4.44477/ 

PtjFy 



-1 



0.75 



4.444(22.5X1-988) l 
4(l.035) 2 (36) 



= 0.3848 



ElMHffll 7 . 15 . fitntiyajiaMITJ prying force fi 

i 

8a b' 



B C =T 



1 + 



= 22.5 



(l + 5a ) a' 

0.75(0.3848) ( 1.988^ 



1 + 



= 25.39 kips 



1 + 0.75(0.3848)^3.468, 

Prying force n 

Q = B c —T = 25.39 - 22.5 = 2.89 kips 
ff mar: wt io. 5x66 rnurma ‘nraueta A325 7/8 in. 

ttf Li Lj u u w n is- 



TiJMSraRTHIfjfiJItJHSTfnjTmS mmQfiimCUTlI tee shape itiOJHISSTflGfrlti umtmiss 

Li Li cu Li Li e-J A *va Li u 

tjgTifmSHiBHTfnfitJSffi T Prying force t Si Hl3 ^ STtfl ? Elf) 

nl.d msHtmuitu 13% tsIifSRHitfs'imTfrh mnirinjsJRHiasinimsHiSisa^cusItaculfnR 

o-U cu U 7jsu-o<% n v 

tirititsstin 

«/ «/ 



rt.d. fimiatamfltifmiamtTl Si 3 fitntimmts 1 fibug]i 3 (Combined Shear and Tension 

ri n ni v cu *0 ct y vJ 

v 11 

in Fasteners) 

islRtifmsfnntiiirasmi?ifnmfil3mpjiHsi3RHil3frifi stinmamm Rnjnttajsscmjsfi 

c*«n. Li oy Li cu cu ~o u & 

QnjnRBRTRftnsnfijnmslR^nRS ms fmH'raRtuifiriHmss iTR^muMnmafirisfrin 

is- Liu lJ c* u in U msuUUM-«vct*N. 

RHititatn ras nl.cng utinmnntimFi structural tee itlnjmms1sl3firitjrafjfiJfiJiRl3iRicuijnfil3 

cu n u in ~o w- cu c* 

(bracing member) 1 HtiRn|pi3iSi{Rl3i4lSJllfiRii3tihl3[imiSHj§ji8jfi3RH 

rafjRmRmRRiHsm^sHsrafjmiRfritji titiRHil3tjm|ismR§nT^i3mijiiaRi3T?fil3frifi rifim 

cu U i o- n cu euJ o JJ bU u* 1 U 

ilRRHimtmsDmBRRHIttmni atiOJmtsmsmnfltflHffiSti prying force) 1 ttfiffifiimSIfJRH 

n cu ncu-o +J 

mfjRHimRmnmfimHSTij^sHsmfjRan n^amtjsHmoTRlfnsfiJSPitrisscijRRTmmtlimQ 

CU c? Li 1 O' Li U C5- tj Liu «* V 1 Li 
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M FIGURE 7-31 



WT10.5 x 31 




W14 x 90 




naniluiuflmnaitiiaiBtR inHIBITTnBJTJHBHBIfiH (interaction formula approach) 1 

ct tn nj O U U v no 1 1 ' 

l i 

IIMMliSfitntimH Bl3IIMMtiRHil3ffllTlMTH1UU9Tl3TUin9 bearing RnDIlWtllBtitlllBfniriltiniS 
StiTRltnStIJRn elliptical interaction curve fetlJUiai CTlt Blfiti JUS ri.mb 1 WHfTUITJMlSnBSn 

Lru i i/l -o c* V O 



l2 r 



n )t 



v„ 



i2 



n) v 



= 1.0 



Itinj p u = nfnamrmHEmmsItmusTt) 

U IU "NJ 1 V vJ 

(<j)R n ) t = design strength lUMUSJtiiamiBinj 

v„ = RHiamfissamEitimsIiiiSusTa 

M CU 1 11 vJ 

{(j)R n ) v =design strength J!Jfjd9Jl3Jl3fTIJffl?i 




uBimriamn BaRintiffitniiJtiiinBBBtiimRtnBnfitiumTRtimBiaiiJtiiMmBlniTrnHisi 

Om ni'o i) uctUtu «>• UvJ 

IfTlti 1 1B8tilR|HfmnUM RCSC Specification tfiCU 



-|2 r 



n2 



Pu 

(<!> R n ) t 




< 1.0 



(RCSC Equation LRFD 4.2) 
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fiJTHIH slip-critical connection tt3fUtJSTt3 JtiSf n-mtimei StiRHItiSim figcitlJJtlMfiHia 

Lj 1 - tj vJ v cu cu -o e» cu 

mnnRUSraStU clamping force it3nJl§§jH1SfTlJfTlfiiJStIJRH1l3RRf1 1 AISC Specification fflH 
US til slip-critical shear strength hl{H1UfU[UllSo 1 Cl AISC Appendix J, slip-critical shear 



strength [RfljlSRtMtiltmHRtUl 

1 T u 

1-13 T m N b _ 

t u = RHniaffimiHHnmBiiwnnii 

u cu -o i 



(AISC Equation A-J3-2) 



T m = nHiarncnusTmBmSciJtnsn aisc Table J 3.1 

'it cu -o v vJ 

N h =BBBU9Tai3lni3H[m 

U u V vJ ct 

Gtufitfl RCSC Equation LRFD 4.2 !tJWtnBUiniTlIBigiB8TRftnBHBimg1lc3u9Ti3imClI tfi 

1 Lfl -O L»u 1 Cl J) w 

AISC Equation A-J3-2 IlJWtnBUiJl[TlIBlgiB*HBiHIBlli5n[mBii3HtlI , l MHmiSH019HTS 

1 in -o i ci v u 

ID ! tn s i m fti ttl hj h s ! k m (Hi til 5 t tf at sj n i 



qffltmafi ri.90: imfS W710.5x31 til bracket iuHJUmS service load 60 kips tglfiJMJ 

Vki4x90 fltsiiJciitnBuiJicniBlnaiuB ri.msn usmfuslmtfituusmtii 15 kips smjsnmtii 

V in -vj «=* w djiJvJ dj 1 dj 

45 kips 1 imruuaTti A325 Ht3R§S1 7/8in.BBB 4 1R1U1 SlUfbfiJJ Bi3 bracket IBnftin A36 1 

' u u w n IS- u Li e» 

l 

Li^j Lji Li Li X) V- Li 

mn|p|tnfd design strengn HUH! HI hi {HI U bearing (ytitfl </>[2AdtF u \) BtifinilflBfmn{nU{mB 
raMuartJMTHinrniHfTiuBiaiTrnH: 

U vJ Li 03- Li 

( 1) bearing -types connection luWHISlUniMRiSlRUUiifnfi 1(2) slip-critical connection 

iflcuHiBiBmMmBlniautimn i 

vt -vj t\ Ct cu 

titamsiemtn: usmHRtum 

1.2D + 1.6L = 1.2(15)+ 1.6(45) = 90kips 

(1) hi {Hill bearing-type connection !lJclIHlBIBCnMmBlni3UtifTlH fiHItimfiSBtihlJtlil 

Li * i v^> -\j tv ct cu cu 1 

| (90) = 54 kips 

RHlUfnRSSUhi{H1ilU9{UH0Ui 

cu Li v vJ u 
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V u = ^ = 13.5 kips 



Si3 



Au — 



nil / 8) ‘ 



= 0.6013m.' 



,) v =#3^=0.75(48X0.6013) 

= 21.65 kips > 13.5 kips 
Bearing strength ( MTOJUfj tee flltl) R 

</>R n = </>{2AdtF u ) = 0.75(2.401(0.615X58) 

= 56.\8kips > 13. 5kips (OK) 

RHItfSimfiirafl 

cu 'o i 

| (90) = 1 Skips 
nHiamfTirjTHiuu0Tt3HtUR 

cu ~o Lj ti vJ %} 

72 

P u = — = 1 8 kips 
H AISC Table J3.2, 

{</>R n ) t =( / > FtAb = 0. 75(90 )(0. 60 1 3) = 40.59kips > 1 Skips (OK) 
H RCSC Equation LRFD 4.2, 

2 ( is A 2 ns t 2 

= 0.585 <1.0 



Pu 


2 


Vu 


2 


f 18 > 


2 


f 13.5 "j 


i<!>R n ) t _ 




M R >X_ 




1 40.59 ) 




[21.65 J 



(OK) 

mum: minmumBWnimipntmBtfi bearing-type connection 1 
tJSjtJSRrafjgmUlJaniSg prying action HS|R!tnSJHUmtUlSlRi3mf?fTimS) 1 

I Tj 1 

(2) fj^nu slip-critical connection, ItJwmBIgmwmglnmJijmn CTEtaR (1) shear, bearing, 
and tension strength RHlSEURhn:|Titj|tTlS 1 Cl RCSC Equation LRFD 5.3, slip-critical strenght 

C 3) 

r 



</>R s tr =^(1.13 fuT m N b N s ) 

fi AISC Table J3.1, RH1r3S1CTh3TH1UUSTr3 A325 Hi3RfaR7/8m. R 

cu -va U V vJ n is- 

1 

T m = 39 kips 

Class A, slip coefficent R p = 0.33 St3rd{H1UU0|l3yS{RlU 

<t m str = (/){Y.UiuT m N b N s ) = 1.0(1.13X0.33X39X4X1) = 58 .17 kips 
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ii^mrmifiHiaRHiaBirnialitiiusTa. siip-cntcai strength rnftnBfriiraBmitJimtHRim 

(U -o V vJ A Liu o- 1 



1 — 



1.13 T„N. 



777 2 V b J 



1- 



72 



1.13(39)(4) 



= 0.5916 



iJtiiajnMMtiiiJtiitnBfnRuamitiimR 

V 1 n 

(f>R str = 0.5916(58.17) = 34.4kips < 54 kips (N.G.) 



mStm rniHfnuHamatiimm:raumiBtii slip-critical connection is i 

tU cj- 0 Li Li 1 



minmuiiJimuaTaiiJtiiiaBfRmarTingga stiRHiamnifriijfRltnsfinhsiitliffi^cui m 

W- V vJ u EU su -o Uu <ii 

Hltsira RCSC Equation 4.2 lSHTtI^*TtmmgtnU9Ti3lJtiBltiITrnH: 

Li 1 E-JLi U^TJLj 



Pu 


2 


^77 


2 


( P ^ 

1 u 


2 


f V } 

v u 


s 
1 




M R n\_ 




{</>F t ZA b j 




{</>F v ZA b J 



( P ^ 

1 U 


2 

1 


fv ) 

v u 


2 

1 


{</> F tJ 


(SAj ,) 2 


{ <t> F v) 


(IA 4 ) 2 



tticu p „ = RmaaimMiuialitiinim 

Ll tu XJ 1 

F t = ultimate tensile stress JtlftitJOjti 

v u = nmamnaBtiMimaliWHim 

** cu l 

F v = ultimate shear stress JUMUS|t3 
Y.A h = |RBpltiH8mRUB|i3MIU 
TiBWIBlnti RCSC Equation LRFD 4.2, tmtitTIS 

< 1.0 



tl 



( P ^ 

1 u 


2 i 


fv ) 

v ll 


2 1 


V& F t ) 


(SA 6 ) 2 


l^vj 


(SA,,) 2 



HA b > 



f r> \ 






7 17 \ 



\<!> F v J 



ttSCU HA h til|nBJUtiH8fnHnBJi3MIU 



(7.20) 



flfflUlinfl [1.99! R[iniunJJi3tJSRQB?iJi3S! service load shear force 50 kips Si3 service tensile 
force 100 kips 1 USR 25% tflTJBfiltjI 3t3 75% tilUBRHItin I|jij)afTlUIi3ai single shear 
ttrira baring strength Bi3TRftnBH[mBltilHmati!timiJtlITKimn!lJtlIinaRTH1M 5 /16m. 1 fdSfi 

Liu li c* Liu u* Li 
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TjI reitir atitimmiBlTtitiiRHmaHMinatiinimrraumia stifJSRttoRHsrniR^mu bearing 
strength HRiJitfl </>{2.4dtF u ) 1 RnARGSSUSJti A325 HtiR§R 3/4*«JlJWBitnBMtjnum[mBll3 
t-jjTiH: 

(1) bearing-type connection tjIHmBtilffniWfilBlfitiTJijfTlR 

(2) slip-critical connection tiiHmaainmMmalntinSfnn 

1 U ~t> -\j «N. ct ju 

t^tisSlUHfjHlS clean mill scale 1 



mjRtmmtSSHStnsntnitUtl prying action fJcTISiS 1 
thamtium, Rmi3R1RSSmHR[tfl = 1.2[0.25(50)] + 1.6[0.75(50)] - 1 Skips 
RHItimcmHRtm = 1.2[0.25(l00)]+1.6[0.75(l00)] = 150faps 
(1) rJTHIti bearing-type connection tfiHmatiinmMHIBlntiUijfnH fJHRli 7.20 

Li S -l yvb-vj«vcttu 



HA b >. 

ingpitiiuMHSfnniffitun 

, _ ?r(3/4)“ 



/ p ^ 

1 u 


2 


fv > 

v u 




150 


2 


75 


111 Pt) 






1 1 


0.75(90)_ 




0.75(48)_ 



= 3.046m/ 



0.4418 in/ 



tits t B SB S SU STtit 13 EUTR ! ffl JR 

V v U W L»u 

lA fo _ 3.046 



= 6.89 

A b 0.4418 

fiJIRCUjlaygja 1 jJTlU Wim(RRnSRj bearing: 

<fi R n = <t>{2AdtF u )xl 

= 0.75(2.40 J^j(58)(7) = lllkips > 15kips 
( IRHSTRfRIJTRRnSRIREinR Sr3QH1tUi;slTtii31RHfJTH1UR1JR[in31Bi3tTRltUIS) 

Litj Lnj U t/ Li i Li i Li 

Btffnr: imusfti i mith c ruMBraimifutiaTatiiriitii isisnuusns 8 TmtfttStrrmnMiHTB) 

ty U u w Li Li lJ tj -LsJ u U jj vJ Li eJ ]Li 

(2) fillHltj slip-critical connection, slip-critical strength iutU^jiultlJ RCSC Equation LRFD 
|RltnSR[UlltJlffireR[UlRlRiJSffirarj AISC Equation A-J3-2: 



</> R str =</>(! A3juT m N b N s j 1- 



1.13 T m N, 



(7.21) 



m 1 ' 1 b 
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H AISC Table J3.1, WjjmUUSjti A325 3/4 in . , T m = 28 kips 1 tjSM T m tSlmafdBfTlJ 

7 . 2 i, itrmtns 

0R str =0(l.l3 M T m N b N s {l- 



1.13 T,„N. 



in 1 '' b J 



-1.0(l.l3)(0.33)(28)(/V fo )(l|l- 
= 10.44 



150 



^ 4.741^ 



V 



N , 



1.13(28)A fo 
= lOA4(N b -4.741) 



b 7 



tjificustacuitlcusscutnsisi sl3RHil3mfissl3ttlcuHs!?i§nMm imsiratimtnmissuBTtiiitlEU 

C3 U IU 1 6~1 ~1> ct II V T-4 

|RlfnnBHjfrumjsiip: 

10.44(/V fo -4.741) = 75 kips 



N b =11.9 

llllffifinragjll 1 shear, bearing Sl 3 tension 

nsfijmsfnnRtuifisimsiis i 

firr^zcr.* tmusTia A325 Htaei^ei 3 /4m. 

AT U 7J vJ n 15- 



ri. 90 . RtUltaJlI (Welded connections) 

gmuumi Hti?iJl3fnjsiniit3cuHis lap 

\J o jj ct Lru W' ^ 1 n 1 



joint titmtfitmslrnaras nl.cncn a mQiRftnsmtglmtliffifTiJtanjmHijlimafiJliitimrjitamtlcu 

J V in ct V Lru e» vJ O 1 8 c* 

TRlfnth RnrjtiRQUt3?irarjMHiJ:TRftnsjnJiffi umransR^nfitiiR sti weld 

Lru V 1 n Liu Li I JJ u LiUpi 




JtJrjljJSHBrdStSliSltamtlCUTfllfnij A base metal 1 

Cl PI c* Lru oy ~<x 



m FIGURE 7.33 








(a) 





(b) 
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IBlRafllimiRlI shielded metal arc welding (SMAW) UJWUmmiBlntiIU9 ft mis G 

ct V / LT1 "VJ c* v ofc 

HfifdS (current arc) fTlfiGIHGiSISiflti electrode Bi3 base metal UJimitlTimilimiJtllTHffnn 

PI x ' Ell ct LlTJ M- 

BiaiJimtimUMIHBTtiTHmBlnia base metal UJUJHlflGn Specail coating iSliCb electrode TJI§R 
protective gaseous shield tulffifflimj molten weld metal HHRihjfiRHHSStiflJti 1 in JRCU 
electrode RlRfllHRIlJl Wlffi weld bead JfiftnStflR 9tnraM^H1|MmBi3HtmiBfil[miIUM 
electrode 1 IBlinwtagfiUBJiptjlR impuriries inJBt^aiBllWllj tauiSfitfl coating ftiUJIfi 
IUTITjI slag iuim slag IB8TRftnBtDRIt3ITlHBBt3tinn^ilWHaR UltiRIt3ia9ltJnJTfiftnBmSfiI9Ta 

Uu 'o i c t n ct vJ Liu n vJ 

UJim electrode 1 

M FIGURE 7*34 Direction of travel 

>- 




tfl9t9l Shielded metal arc welding SiGigjtiilftffiitf ItfimtilfiinjilRinRItntil 

fdRtuisliCbmiuis i ftirmuRUtiniiBlinatiia ifismHtmflinjiiRiiwmTuiR tiniRRiuntuMtu 

cj Li xJ U e» U r> 'Cl n e» 

TUfRI RlITRRtlBRTRimninMTHIURlIRfilUIlIimRlItiniRinBtllRimintnR UJltDRlIBRUBnillJtll 

U n l_nj U i U cy a O 

HBHIMRIBlniTRlHlti iJRfnnHSCUtiRGRGitlCUHISiSlitatJSni int3IRt3tiRni8nfiRIUMH5atnB 1 

HO- MU Oi Xj 1 VJ c* 

MTHIURlItilinBiTRtiRIBlailJtlllTRlJtSlRIRTRfRlItiiatirilflJtmnBfiBlfnTRHTRi ItfimiRTRilTtr 

Li O Li tu Li ct Liu xJ \> u Lru Liu Li 

GiGfiiSMnifJfiJyGtjl radiography U ultresonic testion 1 

mStUmipmrtijirnr^mfiSR fillet weld sa groove weld 1 Lap joint ttinraiflnilSlRtiJtJ 
9 ri.mtn a Si3 b fflftnBUlSflI9Jiaitfim fillet weld 1 Groove weld |RftnBI|TIMtjnU butt, tee 
Sti corner tiBUilimiBlRaJTJg ri.mti aSti bi ras fl.tnS Uttimn plug and slot wled tacu 

V in ~o c* v v in -o ± 

1 

incussfi TRfRinSHTuiBHriiwRiiiiniHiHTtiai jsnancu urgiiaTRftnBRiRiBtTinftiRHmiBHt 

fU Lru E-Jo. \J U 1 d v M U Liu ■>*»•=* v E-J 
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HiQmnmsnusjims i 



■ FIGURE 7.35 




U 

Corner 

(a) Complete Penetration Groove Welds 




(b) Partial Penetration Groove Welds 



RtiQttiniHrn^jijmanr^mnsisg imaaaiwRmnmi tipi fillet weld HnunjjmmciJHR 
tSl9tS8 1 mimrnmM|jnU complete penetration groove weld HBHnatlinimiHBMBlBIlJtlimi 
taHJ tnBIIMMi3tiBRlBti base metal BtifriRltiUJTfiifnth WMMljjTJW partial penetration 

vJ in v c* ctLruij- in 1 1 

groove weld penetration 1 fitimifniiafniRIUlBl groove weld [fiHujR 

tnstamrPTCinsn fillet weld i 

ct 



V! FIGURE 7.36 




til.99. Fillet Welds 

mjRtinsi samjlfnRfdTtmj fillet weld nnDiiwmiMBRtjiHsrnRiuMgnuBnitii 

Li i vJ 

rmmiminaiiJtmnBH 45° ^Gtjiannimajtjs rtmnh ssmurj fillet weld TfiftnBWRitmtfim w i 

U 1 V Lfl ct 71 Lrjj 
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9tn0fiUBmugtfiBmnBi9Ti3Hti vi6in. = 2mm i imsutiiTtiliaiuMmitimintirtJBfuBR ST1H 

*J ct vJ n U tJ 7j cjj 

BMfnntifTlfl. RBItifiltiR BtifiHItSgiCTimtfim Rfillet weld HIBnMWittSnmMTHlUfiHItifnfl 

cu cu n cu -v* 1 r> U cu 

wimfiinti mnfiBTnftnBMBmfiHHiBmHutiuJw 

L»u v* cu L»u '■*> cu 

fflRRlH throat JTJMBmJBTin filTtflti fillet weld ffltmilSmffftitilHm shielded metal arc 

O U n vJ ti 

process, throat tilTU litilRtinTTjtilRH ti root IUM9RUBJinglHmHBM StiHISRlHlhl 0.707 
Smssifisnusjin (Effective throad thickness W{HTOSRUSjmtinJfnsn arc welding process 
HISSlflGtiltn tiGISS fJtilMjftfiltB* imtiMBRItJJ shielded metal arc welding process) 1 
iJBiB*MTinura!ia l tt3cu?i3 usr p . narmaRBiafTiniTm*tiiRn 

V U U i Li cu Lie* 

/ = l 

0.707 xwxL 
ttitlJ w frlSStiSfiUSJll 





piMBIUimtU weld ultimate shearing stress. F\y ISlRt3hJHfTinSo IRHlGhinftll 
nominal load capacity IUM9nUBJlIgBBiai|fTlH: 

R n = 0.707 x w x L x F w 
iUl til nominal design strength R 

(j)R n = 0.707 x w x L x $F W (7.22) 
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IIMMiMUM; fillet weld Jfl|MmiBlBi3RintUpM weld metal CtiCUtilHSRHSCSlSti 
IJJIfiB electrode 1 IJWM13ITJM electrode {RffilSRCUlRtil ultimate tensile strength iiJfUfltilHffi 
B*3IJWWl3 60, 70, 80, 90, 100, 3*3 120 ksi tJ 415, 480, 550, 620, 690, SI3830 MPa Mftnu 
shielded metal arc welding process 1 S H R hi C1T1 hi [HI U R Clfl R electrod RHnjJ E ttiCUUS 

uJimitusriisti uustiiiJtmiaiinrinMMtiiuMfitii ksi i ttfim&mfmiMMiitiiWRimrfluti ta 

-vi <*> in -o i n in Q v 

design engineer KJRRRSRtilR tilBI9lHmifil8SBl3ITrTimTHftnBUi31fTlUJim XX WimRCUIR 
him CUffl til til E 70XX tl £70 IwCUtimcnn electrode tilHtU ultimate tensile strength 10 ksi 1 
mmifBfUUfU electrode §J[RlmtilHffiSl3 base metal 1 hljUTIU grade J U Mlti Rlti Hit fU [til fd Si si 

mnmmmm wuiBmttii niniinBuuunsn: 

U U i run 

IJTJ electrode E10XX tilHffiStiCtiRlitiCUBlS yield strength RQtilti 60 ksi 
CjtJ electrode £80XX tilHEISthtiRltiCUHlS yied strength 60ksi tj 65 ksi 
SHRMCTllfUTHlU electrode ntiRlltiCU^irafU AISC Specification ItitmtfmwiHJtilHHJ 

nmU n 1 U u 

S*3SnUSJU[RJtnSE3R|rumQmn Stmctural Welding Code ItlfU American Welding Society 
(AWS, 1996) 1 lRH1GintnSSfCUn8ClhlSCUHSH1SlQmsiR*3 AISC Specification talfjti AWS 
Code 1 

Design strength lUhiSRU^l[RJtnStimtTltSlRr3 AISC Table J2.5 *1 Ultimate shearing 
stress F w tsl R*3 fillet weld IfiJSiS 0.6 tiUtS tensile strength ItlfU weld metal itiCUfjnJtnSfU 
mClilulfll F exx 1 titstSS design stress R <f)F w tfiCU tj) = 0.75 S*3 F w = 0.60 F EXX 1 fU[HlU 
electrode RHRlSltini design strengths (stresses) [RftnSUtilETtiGm*3I{mH: 

E10XX : <f>F w = 0.75[0.60(70)] = 31.5U7 
£80XX : <j>F w = 0.75[0.6(80)] = 36 ksi 

R[HJmimSHRtilRH1t3mRSSt3mR[UllSiim base metal HBHIUlSn stress Rtilti </>F bm CtiCU 
(j>F BM til nominal shear strength JtlfiifUHlJ:tt3CU|R!mtl 1 SQlS§USRtHR[lIlfU{HltlR[lJl[RJtnS 
RCUlRfRH 

(f>R n = (j)F BM x area of base metal subject to shear 
AISC J5, “Connecting elements” shear yielding strength til <fR n CuCU 
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</> = 0.90 

R n -0.6A g F y (AISC Equation J5-3) 

Si3 A g 1 §mss shear strength ITJM base metal tilMIIMItil 

<t>F BM =0.90(0.6 )F y =0.54 F y 

Sgiss isiuntulStiJusnSmsimashiSQHmrarjsRusm iRraiinmiHian base metal ttlimxra 

v d* o- ct v o Uu c' n u 

i i 

ssinssmsfjHfm 7.231 inHiBnBTnitiHTHfrnnasiiJimTRHnBRTfTiiRfnu bracket uJimmi 

U Liu l_nj U w- 

t^nj ifltuuiJuniBlnaiuB nLtntii uJigjwbrtji uBRMmBlimitsaiiJtiitinniJimimainBiffitii 

\J Lfl'OC*W w»> E-J 1 \J 

BIUHrShI |JIMBraBRUBJlimtiniH1BBirigB|n design strength IUMBRUBJUH1l35Rl3|TIlia 
QRmmijTRltnsjfinrdHfnj 7.22 tin 

n Liu 



0.707 xwx<f>F w 

msnMHfm 7.23. IJMMiaiTJM bracket plate BUBtiRH1tiR1RRtiHmHRmraiJi3R 

in in 1 njctunU 



t x <I>f H m 

tflRlMti BRUBnHBHIBBUBWBtiUBRIIBBtiB base metal ( RtiRHmiBSfltjl bracket ) IB 1 tRulB 

n O dn U V ct 

SIRTfiflRIBRlIHItiRIBSIBlintlJltitlJ base metal JtiBffiBitifilRBBti 1 

Liu c/ n u su 

RURinJiRURmuuJimRiitinitiiiiBB iBisutiiRifJmRR mjRtuisiR fimBfi'iniiumwni 

ty O U n n U w 

!tJniIRmRUMMtiRl3HmilRRira!iaraMRlItim ItJWH1BtfilIWMl3IUMBRUBm UtfilJWMljjTJM 

inc*w nU vJ in vJ -v» 1 n 

base metal ItJWHmnjnRBtjltiHRWRlI llBIB*Bi3TRitnBUtIl[niglRl3qBltJimri81tiITRlH 1 

U V O Liu ifl -o ct * u 



If FIGURE 7.38 




^£/7//Z/7/y.^/mnmtiRUSStj1Hl3RJl3fTlJSiniltllffifrims1Si3 gusset pate tiGUttl mi BlRti ms 

U o. n -Nj ty < - J A u in -o c* u 

i 

ri.mdl RlItinitiiraiRB fillet welds 3/16i'n.IlJtmBlfffatilHmBti electrode E70XX 1 XtimtSCU 

xJ Li c* vJ u ct 
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TfiJrnmjlTtJIfiBftifi A36 1 MBntslIIMMtimiTiraMHi 3 RraumiB BIRnnsi design strength JUfd 

L»U W-U 1 n -O n U U 7J 

nimtifii i 




U vJ 8 i U U vJ n <=s w O 

BaiaBfmnaiiJtiiraaiBmM i HisTRTmftifdrararjsnusm tiiHrasttRHitiHsIfitsumumHs 

V m Ui Ow minm 

m^sHsmrjsnuspr (itfimHBRRBiijnntlfifiBfiB). smtt stiswitflraMSRUsmsHffi^Hsmfi 

U i *s ij v- u O u 

StiTSI 

Uh!fdi3JUfi3 weld metal fUTUlU electrode Pi £70 

i n U 



(j>F w =31.5 ksi 

f 

0.707 xwx^- =0.707 — |(31.5) = 4.176 kips/in. 

v 16 . 



TFiPinSPi| IJMMtjlUM base metal ( RTmWRBtjltilfitmj) 1 ntUHRIJ 7.23. 

Lnj U i n U v i 



(f>R n = tj)F BM x area subject to shear 
= </>F bm x t = 0.54F y t = 0.54(36 



V\ 

4y 



4.86 kips I in. 



nMMijiuMgmjBmnnn MnrroRURfTm 

in vJ i U 



<j)R n = 4. \16kips / in. x (4 + 4)m. = 33.4 kips 



ffWtff: nMMtilUMRnnR 33.4 kips 

ai i n 1 



gmuimn ri.Qm: tuifiBRimuJnnttfralRtiqBitnHm ri.sta jjnfsustinTumuPTiiri 40£/>.s *\ ir 

IfiTfifminjIitiBRUBrilMIU Turns filet weld 3/ 16m. ToCUTTU electrode E70XX US1S? 

Uu U \J 1 U Li 1 Ct 
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ito7///imr;uMrjararjsnusrirnt3HmanfnTmJalSmtnsngmt^rnji8 ri.©b r 

U in O ct u n U 

</)R n = A.\16kips / in. 

piiaMiuiiJtiitnffrun 

40 

= 9.58 in. 

4.176 

fftffm: TtllftiMJTJfi 10m. itiCUTRlfflSti 5in.MTH1UH1i39 , l 

tu Li i Uu c* Us 



miRimmminmuiiJimrnitiniffiHgiiBfrninffiininBi si/ismisnmtjmjHi Btimrann 

UV U V y bJ 

aaniliasnuBnn RTHfmimaiasMTHiu fillet welds TRftnBuiiimialna aisc J2.2b 

U \J Uu U Uu in -o c* 

luimTRftnB MiautJtsBiairmH: 

Uu s u u 

guimjjmtn 

BtnHUTUIH1IlJWHBtTTlHtilHaRHaiBlaaRTH1MIUMltimiJtlITRfmUTfTlMtili3in lUim 

w i cn i U ct Uu u* U 

tfiftilB^Jialna AISC Tabel J2.4 1 

gummnm 

H1HUinnimTtiaiRTHUMHl3RllJtlIinaRTinMRt3tili3 l/4m.= 6.5mm SITI fillet weld 

n Ui U n U u 

HRtnH1tM3t3RTmMItIMHi3RtB18 1 MTmtIHi3mti[lJTRlMtilt3t38 SlflHRUJHlR t-l/16in tl 

••'<> U n U n U -ci 

t - 2 mm CtiCU t tjlStTI JUrdHtiPi 1 

n 

{mJiJHtrjunn 

TtlliaHUTUIHIHatniRMTHIU fillet weld RHBtitigtnBRUBJin mmMmSSHSRttacg 

U Ed i m U w O 

maniMBiuHBiriBtitijTuiiagRUBnnastnB iRjnBiraniiiastiiaiBstnB ruSsra effective size 

inU nU O UUm U 

raMgRuaniTRftnBiRmRiMaaHmfnHUBlaraiitsgRuann RiiRfnuruingiiJtiitnBuiJifmai 

\J Uu ^UwU \J l^-U in -o 

Rtiiug m.60 CtiCUtitsRlStigmtdiClfinHS tilRIimniMMMTinU shear lag MTH’lUR'URfTlUltfim 
gmism ifltiitnantunniBlnafinRg cm aisc B3 tnauaifTitsiruliagRUBrinalnaRinjiiasHa 

\J U ct u in~dU vJct 

TRfRBtiitiBinraifiagRtianitg r l>wi 

Uu V u 



B FIGURE 7.40 




A 

w 
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End returns 

lalinwiiJtiigRUBmtiJiHMBaiJtiirnBTtia fiTniiRUB^fnrtiaiBi* Etouttirmslntmis 

O d Li 1 Liu Cl 1 U] u in -o Ct u 

1 

£1.691 HtmUlRWTinUfTUUB UJnnmtnlTsl end return mfifmfnimintiTmtiTUHtmS (stress 
concentration) Bi3131Bltsl9ingRU^I|RftnBinpiW|u!iainiT3IUMBRUBJin End return tilt SI 
inBTulfamaRtiiMriiiJiaBingnuBnn ruliaiuM end return inBTHftnBtiRutntmBlnami 

Li \J Li Lru is- c* 

PTEinSd load capacity umnjriBIBltlJfltnB 1 

^BtBlmitiniiiJwinBBtrinBHiBntHitsiRtiiarTiitinrfiJniHiBBtnB i BtnHRmtnftJw 

V O v eu O 

iBtiiHBiBtifnitimHaHiBBtnTufuitii 5/16 in. itfimRiitinniBBtitiBtiufaHfitH i irowfiiBs 

c u On U O Li o-iu 

fdjWd load capacity UJHURNIW IBl*UtilBRUBflinBniSR|Ulil3liatili3 SflBRU^JBtniintJtlJ 
mSfiTulftiSBtiTRfmmiinsm weld metal iiBatfia i 

r~l Li eu Liu Li 



■ FIGURE 7*41 



/rssj/jssss/ss, 






qmuimS ri.96: itnrftin A36 iticumssiri 4xi/2/«. |RftnBi|3^HaniarniBi[Tii3FfBUBtii 

Si3 service dead load 6 kips Si3 service live load 18 kips 1 tPT^TijfTESl St3 gusset plate toCUHlS 
RTtrifj 3/8 in. tiBuJtiraiJirniBlntiiuB ri.6ls i muiBimiRfnuuJimtim i 

U u in v w- 



m FIGURE 7.42 







/to7///w^:tsint3mmfnms§ base metal tfutjfi A36 SJBIBMHJtiTfiJlTTJ electrode E70XX 1 

Lt Ct CJ- V Liu Li 

i^mtmifnraliaBRUBniHarnltnBRiiiiR tiBiBMmtitTtJBtnHmmHiHBrm^ 

U O Liu U Li eJ 1 m 



SU1HUTUIH1 = — in. 
J 16 



(AISC Table J2.4) 
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MIRUJTti electrode E70XX fillet weld 3/16 in. 1 CUSfnnRi3HffiQR?nTm!l3H 

EJ a ct u ci Lj 



r i \ 



0.707 w((/>F w ) = 0.707 — (31.5) = 4. 176 kips /in. 

U6 J 

CUSfnnrarj base metal R 

d 

0.54 F y t = 0.54(360 j = 7.29 kips l in. 
WMMtiiuMBmjBmtratjiti iJtsiBsirafiiBHTmmm ^ 

in *J V v Lj w 

UBmHmrn 

«* i 

P u = 1.2D + 1.6L = 1.2(6)+ 1.6(l 8) = 36kips 

Q /T 

iuim raliaiiJtiiTHfmi = = 8.62 in. 

L, Uu /I 



4.176 

f 3 > 



V 16y 



= 0.75 in < 8.62 in (OK) 






= 0.375 in. tBR 1 in. 



|uIji3hBujhi=4 

end return, 

jtnltiHujurtn= 2 

U6y 

MTHiuminmurainBiB* TtifiaiuMBRUBJiiBiaTniiRBtiiaBmmifiaBRUBJii iiJranamimiBs 

Ij W Ij Li O Liu U ct 

R 1MS13 4m. 1 raiiUBRUBniMiniHUmtUBitJ end return 

^t. Li l i) v. 

2(4 + 1) = 10m. > 8.62 in. itiEUfRlmJ 

Btfftff: UO electrode E70XX fillet weld 3/16in.tfiHHJBtiTlJlJti 10m. tiBltiUJTJiJHTlIBlntilTJ 

tU Li u Li V U1 M ct 

b ri.tstm 




SHRMfTTlMTHItjfmtini 

n ng Li U 

RiitiruTRitnBRiinmBiiti} design drawing itiiffiSHRMmifdiitfii tticutlcijsff GtancuTracu 

vJ Lru o nmn n v U u 

M|jnunnJiBinR|HfR1iraMfnitijlI1 fnnriJHR^iftnBfjjtBlRti Part 8 of the Manual, “Bolts, 
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Welds, and Connected Elements”(Volume II), ItlimHBtnftnBtiainjialBIBJHMig *1 tslnti 
iMfiifrliB* iraatinSnmiiimafimiaMiaunBHHMrmuBiJiBMTinu fillet welds tiBuJniuttunial 

U n 8 n m ct U u in ~o 

naras n).66i 

Ct V 

BHHMtTnimtlimSJIlJn (reference line) IJlCUJHHlSnHHISn [tHfiS, Slfl BtitUlitiJUM 

smisnj rHtjiHtustannturnnitStuuanninsffiatStUTfTftlru "i fmfnnrilnaiStiJHisTtitacmnsi 

O V U Ed Liu 'O Ul -o Liu O U U i 

&ltiiaarnftnBlTtJlBHTUlJl[Tl fillet weld 1 TUMBlUIUTHimimiBSIBirilTmH reference line mi 

o Liu Li Ed in -\a Li u Li Li 

timRMRiBlmWHMRnwTnrni imatSHnlm raiurmmnmBSMniBlsiaiw reference linelm 

O Ed Uj -O <ij -o 1) U O. "NJ 

iBismitiniTHfMmalinaiBtHitiMmiHfTiu ititumtitna uHstnmsImimh icustsltnj 

O Liu «n. a U uv ct eu 

reference line nUCTOHRfiTi HlSSlflSRilSnj BtimlitiBRTJBIin flRITRftnBtfiRRlHtmfiUtUTJ 

o n O U O u Liu 

t38i rawsrasitisitins BaBitiiTmmiuMHiiniiJtiimniiJimmitim nnmBmaHMTRilnuuim 

U i U cy Liu in -o 

tslttu reference line BlittS BtiumHI iBHTnimfrJSMTMllltllTRilTU Ul^HTtiranRHlBUlBH IR 

U Ed Un Liu Li W n 

HIBfllRRBmrnrmBlaitiBaiUM reference line ItlimminimRUlJlCTlinBlJlRlBilRTnBIS 1 TUMS 

<£n Luj -o 1 in -o Ed U 

mesHisciRHismsms RBmrnmiBisrRitnBiJRiBin i BaummiuiJaBiatiiRinBTRftnBiJimBl 

Lnj -NJ Liu -o 1 U V Liu 

RIBti ttitU reference line mBlSHTUtlimtsltiimaimifllB 1 

m Ed in -o O ct 



E9 FIGURE 7.44 




Near side (arrow side) 



tt K 6 




Other side 





Both sides 






Weld all around 



E70 >>-v^ 

'Reference 
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qmwm ri.Qtl : ussttifi A36 sun 3/4 x8m. TRftnBim^HaniarnimrniuimTRftnBmuiglBti 

<ii L»U U n -O L»U UJ- 

gusset plate Slh 3/8 in. titmlfiniislmaras nl.6&! 1 T!Jt!l3rarjmJfritjHST?i!lCUri3n 8 in. 1 PTEU1S1 

V LT1 ~o -y U UJ- L»U 

mjtjnnSHtm§?iRHil3siniinnit3cuHl3fi i 

O e-J n su -o n 




fitnfmtfmtn: design strength ruTbHfcmimnib gross area JiJfjfm 
<t> t P n = 0.90 F y A g = 0.90(3601(8) = 194.4 kips 

tlSIUHR fiOnSI design strength TOrdHtimillffiflimOJ net area JtJfjfl 1 



usi |yMsramjtjjiJMms1t?i?riH^l38il3 tsig A e = UA g i i?i|yMsraHismjt3jiJ?riHsriJssl3 
isl 81t3t3tiHt3Fi iS1§ A„ = A p 1 WSSiffiRmilhSnJ ISlglffititnS 
4> t P u =0.75F„A e =0.75(5801(8) = 26lkips 
filth SlMjJdltitJSRtHFi till \9AAkips Si31|U electrode £70 



<j)Fy] =31.5 ksi 



H AISC Table J2.4 SUlSmJSJimtljtJJHlfi l/4m. 1 fill fiEUjti fillet weld £70 SU1 l/4m. : 

o - 

Design strength RtiHffiQRm^mlUmfdSRtJSJlJ =0.707 - (31.5) = 5.568 kips /in. 

**' " v4y 

3^ 



nfdfdl3JtJfj base metal = 0.54£ v f = 0 

l n y 



).54(36)| 



\8 



= 7 .290kips / in. 



= 194 ^ = 34.9m. 

L J u 5 568 

fTlHfdHRRH TmlUlutUmijfjnjfnsH 8 + 8 + 8 = 24m. oQiSgmHSmijiraStJISmJSnj l/4mAS1 

wt vt Li O u Li O 

lUMBrapliaiHftnanniiHpH 24m. imsnMHmi 7.22 mjnsnusjintiw^fmm 
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<t>R n 



194.4 



= 0.364m. 



0.707 x Lx </>F w 0.707(24X31.5) 

fiimtlJja 3/8 in. 

. - 3 1 11 3 

SUlSRUSpjHFitJJ'tn = = — in. > -in. 

J 4 16 16 8 



piltismisjij = 4 



( 



= 1.5m. < 24m. 



v<v 



wwwiTurnitiniiJtiuiJiiTinaiuB n).6§ ^ 

or u \J v in vet y 



(OK) 

(OK) 
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VIII. fitintnmafi 

Eccentric Connections 

cJ.9. (Examples of Eccentric Connections) 

RtiniiiRBfi^RnnHffitJinjRHiiatanHsmfifnHSTtJ^SHsrarijtT^afritj usmtsmi raws 

is i) sum U i Lj U cj- "va OU 

raRcuitnsutiMtHTS imTUBTufiBHBiuMmariitiRmamHiuMim^afTiu usnusmtiitinjiG 

EU 1 Li Li Li i cy- UvJ<^su Li U tt- "\a vJ l 

IfflW (reference point) ItjimBHim!Ri3fil8IMRHinMRHil3IBlBniflBH3TnitnBimtJl1tsl BCUnfi 

x ' «/ tu Li i t/ Lnj 

tta i tsisutjiRontjitrasmQJt3s!RHit3ijiRB?i !HRi3Ri[m^iraBB[ijnnSHBit3im*HiBniHnB 

IS- UtjsuW-c* Li is. eu V 

IStUHIQtGltUtnS *1 

fflffifTm framed beam ttiniUttinitSlRtiraS &9 a tfinjtfiBHmtanimBmSn 1 RlIH 

UJ- Lfl -o ct u Li u is 

mmss iBistiinaBTHtiHfnuuIimuBTa uitfimtimmtfim fiTnftnBimratiiBiBlMTHiuHfnunH 

ty ct Li ty jj w m \J Lru U y U Ly <=t 

tslfdfdj i iBisu^BnmnBHnaRimTuinBiBsiriBitjitiitnBmiJim t?ifiT?iltnsffiRHnutfinits1s 

IS. c* U Lry in -o 

1 

t38i fimBmiRfnunntiiamn fmnmunitifitfitiiBluJnBH BtiminmuuJfilfitiiBluJnMwn 

W U C* tf Ct UJ- 

minmumiaiBsniiiiTiriHimtjiRBmmtiiriiTtiinB: HimBnmnSniiJtiiniSmnRinafnnBBtiiBlRa 

ty in m u. u u. n tu <=* 

imtomu usmisnj st3RtifiQ[ifnnBmSnjm§Rgii3ntrit3mrissi3 stifrmtimm i 

LllJu>-'ClVj IS- n EU EU "O 



n FIGURE 8-1 



R 

i 





R 

\ 






M- Re 



(b) 



-~j e h 



Li* I 






v 



M — Re 



Edge of shear plane 



(c) 



mSsmmnoiJtunaH BtiitifiintitfitfrtfimfBTfiriMMi iJBiiJtmiuimiBiRtiiuB d.9b 

U ct vJ y in -o c* u 

tsTsfTutinmmntatsnratri njfimj r iBHinsninnSn ensra^sHsmfjmsmtirafjiT^afnutsI 

i_n ~o e-J Li & is Li i t/ U u a U u cs 
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nmsstmH i ^ssn^tamusimssjasitantnarrieissta stiHHtiPT (couple) ifltuMmaliw 

c* Li i ct y U U cy tu V V A «v. 

JUMRIIJI IuimuiSH^ni3|ml3RH1tifTlHIHni (torsional shearing stress) 1 

TUMBtuwMi sa^mnarnJtns^iQtQfnnraH tiButtunialRiaiug dm c imsimaram 

U l_»u n-Ni«=tWLn'oc*w 

tihaanrjtii in^afnmainawiuMMiiaBniHRH r itimmsmnmiGnmnBR e numurmralti 

eJ U U t-> ct oj u «* is- tu u u 

i 

mu ufimuiSn couple tiBnuB *i ms RtiRirimB* uBfiHBMniBlntiutiiuMirafafnu tiBiBs 

ty n A v l l en & o.cttu UlJo-tj 

couple in^RsiaiwraMHimianarinaBiiTi itrimitingiairmHianarinaMan i tiBiBs irate 

i u "nj c* u i u n v UU 

muiBlitiR&iaiwutiRraMH[miami3RHiafnH9Bi3 BtiRtitegun i 

U' ct i tu tu ~o 

isisutfi imairaRiiRRiuiiftmnaTtiiBlBiBJiBHTaiJifTiRiiJim RRiiRmuuJimRiitini 

Uw- v vJ wm-o ty O 

HiBniiirnmaMHmriRinalRRintiRiRgga uRBteRraggmHgitiRtntigifTi i 

in -o m tu *^*tu u tu -o 

tURRHUBRIHRnRHRUIinM|jnUR[m framed beam itijtiSfRftnBSjIBlRti Table 9-2 
JlTIPiuCU 9-12 in Part 9 of the Manual, “Simple Shear and PR Moment Connections” (Volume 
ii). BnjnSRiiJwRBiHBfBBMTHiuRimiBJinBitjitiitnB luimiRriBiiiiinlRRHiaRiRBgalR 

' If. V Li tU 

mtifns‘1 

l run 



cf.fcj. R[mBtunR§RiUiajygjl3: ifiRBitiRiR (Eccentric Bolted Connections: Shear only) 

ms Ca.fel tttaratfimn column bracket connection tiigmtHTCinn^CimEJltUtJSTt3tE3tUTt3 

v in v vJ 

i 

RtntiRlRggl3BlR§R 1 1RHIB'JBniMTHlUItJlSTMimntmiB*: traditional elastic analysis (IfilR 

tu If- Li Li in J 

IHgTlMBUnilll) BliJBIlJtllHIBtllRimrMTRRtiia (mBhlRimcntiia) til ultimate strength 

vJ dA ] 8lLl ] n “t V^b -o 

1 

analysis (IfilRIJMMliBtilTRim) llfimtmBSatiTfiitnBTrtJIfTI 1 

J i n i U Lry in -nj 




trnmrmtitf 
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Elastic Analysis 

tslmaras dm a, rnapitininafnnBgaraMin^afTiu gananTRltnanuicnfliBuJim 

c* 1) U vJ <Jr (II UUl> <2j L»u in 'O 

tgmnmrijj sti bracket plate i mHiBttosmtomk p ^HmstiusntiamtoHismnmti 

vJ a <* is. it <1 a v c* Li 

BTUflBHaiHtilHmati couple, M = Pe to e tflBIUTlRtifi 1 TUWBItfrmtilBITJtJIB* USRS13H1S 

U 1 1/ u U 1 is: Li c? <in 

hicibBr itIimiRMBntsiiT^i3mnaHm39U9tiiaJBi[mRuamM9m v\p r =p/n to n tfiass 

U- vt u u tt u v cx r c u 

uRfamth RHititTRfamutotnBri couple HiBintnaitJiraMaHtsiRarsnaRHiamHggaialna 

Li cJ 03- iu Li lj o- 1 <^t> i Li m <=* 



ira^timutiitugtiniiuM torsion isH8mmStijmRnTR0nitiH3mRmri3i;T^t3fnu t i mwBra 

u U UJ- d ] Li vJ <3i ] Li U 03- Li 

tmtiiBfniMBsmraiB* RtarmanfiJiammslRmT^afnusHtiJ^HiBTRfijismnmHsnHiamtiJ 

e» ~t. I U ex Li lj u>- U Liu y r> su u 



Md 

f v ~ j 



(8.1) 



to d = BHimngruflgHgraMmgriitiiglBimBiiJtiiRaTmanntiTRJtnBnnjiR 

is u i i/ u w <io i i Li i L»u 

j = HHtiaBwmnmtiiitriTngriitiiBtugTufigHa 

y y LivJ<2iUU|c/- 

mitURtiTRiti / v lnms1st3 d 1 igi*UtilIUHBRH1l3IHtlIHaJRatnBIRBItTl*ntiM911tJ IfilRITUfl 

l U J v unsuwin i vJ U 

ttUffifiTIJ yielding stress H1SmHR^iafil3|?fll3nR|tnRu 1 




pMBIUIfiippMngHRJtMtJ (parallel-axis theorem) lttofiIB1WHHl3BBWmnyitlJJ 

larngrittiiBluHRignifigHaiuMfi tamfiiriBniinfi j MtHiurngriitiMiuR 

Li vJ c* U O Li i <ls Li Li vJ <2 i ] 
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J = 'LAd 2 =AY J d 2 

itfimramratamumBTngmti a £3t5fn i tsisranm? 8.1 jnBTRftnBwnwitji 

Li Li lJ UV U vJ d< yd Vjy 




Md 



iuimRini3mRialRtiiT^amuaHm5!iJtiimni9Ttiiifim couple r 

nj ct Uu u u vJ A 



QtssuanHiamRSsiamannStiJtnsRn^RmJtnsunmsmtJitiJumTnBHTSSciJtnsnHiatiu p 

mm Uu y «n. ojJ eJ u mm 

1 u 

Quaifntslnaras dm b ItJnnmammniSamuialsiawiitinsianrnHwutiRHRUiJifTii tsl 

in-octTJ U U u- n d U 1 in -0 

inwfiJnnRnniiRtnaRinatiuntiiaiRntiR 9tnn^aniuRTRftnBiT2MnMi3HTBU9tiinHiaim8 *1 

mm ] Li U 03- Lid Li eJ m 

w 

iRHgHiBinRiiHiaRiBHTiniTR^amuliJtiiiTRiJtsiRtiiimB RiRTRiinmiRimmtiiRtHitus *i 

d n EaJUlJo U d Lid d m 

tiistsl fiHiBtummitTimTMtiitiitinamnSmitiiHmatinflRinaBRimimina 1 mthih 

V 8 Li tj d d u m 6U 1 U 

1 1 

iTR^amuBHm9 trijRtriauJR BaudRHianniiiJnitnBriRHiaRiRBBaiflimtiitijR 

Li U cj- w m m mm m 

1 1 

p ^ p , 

Pcx =— Si3 Pcy= — 

n n 

ititu p r sia p v friutiRHitiRiHSfd x stasra y mfjnHntafjJtJ p tJsiiJtiitnBUiJifmBlniaiuB 

a y mm ^ m i v in d y 

cS.6 i iRHiBiRnflRinauJR BanniiflnnRRiafaiiJimBnjnRSRiJBBiaiTfnH 1 

mm vJ is- y U 

1 

P FIGURE 8.4 ^ £ *J 



ItlCU BimBIHIUMTUnBRHniJlIBR^9TUfl9HBI3Tn9riltiRH1l3R1RIHIUMITR^tifTlU 1 R HI 13 tit) 

l u U o y U i ss U vJ <*■ m i) Li U iy mm 

RlHSfJ x JHfj p m R: 



+ 




BBimngmfi9HBiuMR[miBiin^i3muBHm9 




mimrmtsH 
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_ y _ _y Md _ y Md _ My 

p "“ = d - 1 ^ 2 - - 1 - 50] 

§ m3! Tm = / f* 2 \ 

+ >’ j 

wimRHitiiTfifafiiuMiTjR 

m U U 03 - i 

P = ^(Xp x ) 2 +{Xp y ) 2 

tutu 2 Px ~~ Pex P/MA 
P y ~ Pcy P/wy 

tumbiS p (uamflniHainiBiiwHim) tiiuBmHmunmsmna p iBliwiTRitiflitfrji tjbrih 

U dj in dii oj 1 U U u d. 

RimuSHJBUBWBti shear Sti bearing itiCUfrl design strength itiEUfinlmi 1 



Qffnnmncf.9: RniinnmaiuMiT^afnmiJtiiiTmstSimalRa bracket connection t^cutnsmanni 

ni u u U' u ct ct in -o 

tslmsras ri.EM 

Ct v 

m FIGURE 8.5 ^ 2 




dB^/BW. , 9rafiBHaiUMTRHIT^aniUH1BTRftnBIRIlJimiTUHRniJRRlRR1HITRlH aaiiJim 

gj Li i is Li i Li U Of- Liy Li O Li 

HaimmtiiRmmHHti 

- = 2(5)^ 2(8) + 2(11) 

8 

UtifiHItiEim StiRHItiiuRR 

n m nj 

P x = -j=(50) = 22.63 kips <— Si3 P y = -^=(50) = AA.17.kips X 

V 5 V 5 
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uJimituimsImmus a, itSainBHimmHHtiiuMnamnfuBnifiBHB: 

V I) dj iJ U 1 

M =44.72(12 + 2.75)- 22.36(14- 6) = 480.7m . -kips ( |MU|BBBm§m) 



■ FIGURE 8.6 



A 



14" 



o 

o 




2.75" — >4 



o 



o 



P v = 22. 36* 

|p y = 44.72* 




ras dS b uiniTiriBMuJIiuMuflmnauBTa BtiBtniBnSninauBTaiiJtiiTRfmiiJtiiiRHiOTa 

V Ul-o Pi cu y vJ pi cu U vJ Liu c* vJ 

11 11 

ttflffiHHttm (couple) 1 UJimiTUBMUJlffitilB* BtiBl/i!lJWTRfm^fniBntiillJtlinHii3Bli3IB18 

V V A U Uu ct cu cu 

mftnsunfnHQnurmtusTTfnu i imamBMBi^BtnBtsiim^afTinBitJtmitinBiaiTrnHinutin 

Liu V eJ Li vJ Li ct c? Li U C3- 0 c* Li 1 

samBrnnatiuBtiiainutiH i 

cu pi 1 

uflmnauJn saumTJJurju^afnusutu^njtnsnnHiaB^siu 

pi cu cuj Li U u- u oj 12- 

99 Q/7 /\ /[ n O 

p cx = — = 2.795 kips <- Bi3 p = — = 5.590kips i 
8 8 



fdjUnU couple 




y 2 ,= ; 



)= 8(2.75) 2 + 2 (6) 2 + (l) 2 + (2) 2 + (5) 2 



192.5m 2 



mmsrnBe; 
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I p x = 2.795 + 14.98 = M.lUips <- 
I p y = 5.590 + 6.867 = 1 2A6kips i 




mum: mnausTaitJtmrmstJinn n.ikips i mmianrigin aaBMuJIiuMuflmnauJn 

tv cu y vJ U ot 1 n jnm 

i i 

fuJ U Uct 

Ultimate Strength Analysis 



tnBMBihatsigmngBauan-fiiJitiTgtiTBimiuMim^tjmuinatiiRiuirMHiHiTn (tiiumn) itfioi 

ct ra u U u Li U oy & Li <zn 

Tsl yield stress BSlRlO 1 minirmi5SUt31CTltilJlHSlHStjlRr[lji nStUtilU^tifTlUSHtU^HSHIS 
shear yield stress nnftnntilB llnimtMIlJwnimmiBlBIBSnnilH ultimate strength JtlMfitUl 
ithmi|UBmnBBi3H3MmintHUBn-niJiBtBtitBimiiJnin[mHiihmminiwii3B fojwihjifjiamu 
SB0391 



mJMRJlltJlffimjntfmRtJinjnffimJliniSiRil Crawford and Kulak (1971) itfl 011(0 
UBTtinilfiB bearing A325 HOrBr 3/4m. SilltiRUSS A36 mSWStaWmGITtlfdTHIUTlSIti 

u vJ Ll ’ n IS- cii 1 n c3 Li Li U "*A 



SfCHStlCllClJtHft3tSltnClltmtjTHEUtJSTt3 slip-critical gtitfl 003119113 A490(AISC, 1994) 1 

V e» lJ Li U V w WTJVJ v// 

RHitioB(tiitifo(RlsORfoO(smsiffi a r 

cu V vJ Lru V Li Li 






(8.2) 



Ititll R uh = RHlllRlRSSlirariltigjiliSitntUEllO = lAkips = 330 MPa 
e = imniitiMinnRiBin = 2.718 



n = 1HR1U1R1R0S01 = 10 
A = IHRhJlRlROSOl =0.55 
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ultimate strength raMnimnnnnwmiMBngtiSitJitfTiH: 

1. tSltnCUEJTH instantaneous center (IC) 1 

2. RihQTsarmmrarjn^afnuHtiJ^rjHiHiTmsIsaQHimnic smtiHtnmmsIfms 

U Li Li bu w u Li e/ - c 

i§CU1 

3. IRHItiBBWtnBtllBmninMHimiBlintllllJtll ultimate strength mfiftTRfamtfralHimu 

W e» *-? U U w- ts 

tiern ic i c ras rt.cJ uaimnnHiausfti^nHiasustijlSmmmnrajriasanHia 

1 v i_n ~o EU U '*•4 6U o Lj ru 

HSffiB) 1 



4. itimfltuTRffnnTRiima i 

ct Liu uj- Liu 

tjiltnmsmjfjsfisnj RuiBrgtirmmraMiTRtamuaHmsR 

uLjU* U U u 

A = — A max =— (0.34) 

hnax hnax 

tacu r = tstfiran ic tgltRfafrm 

ts U w- 

a max = nthQ{sl3{mmmrji]^t3muBimui|fii;s1 ultimate = o.34/«. (tonnjiRitfim 
miniMiBB) 



tjTHcusti elastic analysis, fimBfnniJiBiTMtiitiiianafnnSfnitiiHmaauSRintitiRimimfRa u 

V J Li U Ot O U cn cu l "VA 

1 1 

R v =-R U Ry=-R 

y r " x r 



■ FIGURE 8.7 




R, 



Fastener n 



e 



mintrmthi 
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ttitlJ X Si3 y tilBHimuJn aaBHimntnTiri instantaneous center igltmtofTltn ISlStlflAHElJ 

EUJ U U U* 

uitj wBtiTRftnBimi iuimMHmiWBau&ii3iTrnHTRftnBHaimg1iwTRHiTt^i3fTiu (itmaigliw 

Lru O U Lru in U 1 U U U 1 

ras drib: 

71 

m 

ZF x =?:{R x ) n -P x = 0 C8.3) 

n = 1 

m 

M IC = p ( r o +e)~ Z(bi x ^n) = 0 (8.4) 

n = 1 

- \ 

tUltll l Fy = URy ) ~Py= 0 C 8.5) 

ttiru Hstnsi n niuiHBiiniSafnuHm!) sa m ^BaBMiuiuMiTt^afnui'JSwiTMgiglnMaHB 

filti instantaneous center UBIUHfifiimRRlHTRfH'lJTJM P UJwmnmMHmitljBti 1 TUMSra 

<ii EU LlU ct -Vi Ll 

HtfiiaiHa BsnaiajnrRHTRi until p^ra9mnraMR[mi‘?SwiTMtiintiiiRniJti&iaiTfTiH: 

If U Lru e» Lin V u 

1. ManmHMTHlU r n 1 

vt su Li t/ 

2 . uJi*|tmrain p nMHmi 8.41 

3. flaw r„ Si3 P tglfitifiJHfTU 8.3 Sti 8.5 1 

X) U ct 

1 

4 . niMaraMHmimtiiai8TRftnBuinrTitiiHmai3RTHRtiiiHti3!iJtiiinB99tiimntnB mi 

U Lru -o u Li U u 

ImRiBSTRftnaumu i iRraHBiJiBi«g iRTRfiBmnTTjwuwRiHrmnwTti until 

Lru If- H ct Lru C Li su eJ XJ -*> 

iRTRiiBmiRimaiifffiaJRfi i 

Liu c vJ -va 

MTHinninJigigliauBRumTi fiiem? 8.3 BtiTRftnBmnmtfimwtiJTTJiR 1 UjHTfnnttitii 

U U < 2 j EuJ Liu 'O c? Li n e-J 

|Mtii aan^JtnRtiti^mMmn imanBminifRRiimiB* 1 iRigisutiiHmmiMBRia* rnmnnsi 

filjWii trial problem tjll|pSHlSCUR[Ui:tUtnR tJlnJ|R!friJ^SffifinjSJtjltritni3 1 ttifi (B) IBM 
E|9iumm dlQ fRftnBIBmitfiHtnMBmn standard spreadsheet program hi (Bill personal 
computers 1 



iffflt/Jffl/J Cf.kJ: Bracket connection UJtmJiJlCTlialniaJUg ta.tf TfifTgRBItilHtinntnfiBri 53 kips 1 

* in -o ct V Lru U cu 1 If- 1 

l 

^EuirsiftnsPTEuisTt^ira^THnstJSTtinjtjjfiijj !fltiini3Hmtii9inau9Ta 4 tbiii tnusTtiHEUTpritj 

Liu jJ y vJ u ct w w H w Li y isJ u Li 

TRftnaiJmBltllUJimmBIBRBn TUMBItfrRITtJU9Tti bearing-type A325 lutllHISHilfiBfi 7/8 in. 
IRRimiBSBIBtlimmiTRUTmBUHR? MaRtslIBRflU9Ti3MRia1nl3UtimR1ITUIlJn A36 StiHSlR 

8LiLi-va -t -vj u w «\ ct su Li in 

1 1 

SfmilfTlfiS'imjTnH: (a) elastic analysis; (b) ultimate strength analysis 1 
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IS FIGURE 8.8 



2 " 

3 @3" 

2" t 




dttimsftmtn .*a. Elastic analysis 1 MTHinrailBRHniJliailJniinaH[ljialTn63niUMn9Ti381ti 

%J J Li Lj c3 TJ Liw-tjvJ 

irmHitinBiaiaa c ras 

Li ot c> V 

- = 2(3) + 2(6)+l(9) = 3s57 . n 

x = ^ = 1 .286z'«. 

7 

l(x 2 + v 2 )= 4(l.286) 2 +3(l.714) 2 +2(3.857) 2 +2(0.857) 2 +2(2.143) 2 +l(5.143) 2 =82.29 in. 



e = 3 + 5-1.286 = 6.714m. 



M = Pe = 53(6.714) = 355. Sin. -kips ( ]TdU[9SQS1Sjm) 
53 

Pcv = y = 7 - 57 ^ = 0 



nsrjmi aaBiriiiJtiiTRfmiiJimiiiiinialnaiug usTanmHimtinsiawiTRftnBtjiHBRtlitii 

Lry ofc Ln ~o V 7J 1*1 Li ct ex Lry 1 



uBTtitomBirmiTSimjHaifi 

II vJ Li ot 




355.8(3.857) 

82.29 

355.8(1.714) 

82.29 



= 16.68 kips <— 
= 7.41 1 kips -l 



X Px = 16.68 kips 

Xp y =7.571 + 7.411 = 14.98^5 

p = V(l6.68) 2 +(14.98) 2 = 22.4fa>5 



iicwBinfiei 



315 



r.c/i/xn 




HUTiIsjictirafjiuiafiBcu 



NPIC 



If FIGURE 8.9 



y 



3.857 




+ 




IHHJfiimn design strength ITJMHSJtilti bearing tftJHtinSmB 



, . 1 7 1 i5 . 

n = a H = — i = — in. 

16 8 16 16 



IfU L e = 2 in. ISIS 
=L 0 -- = 2- 15 ^ = 1.513/n. 



( 



2d = 2 



■ 1 ,15in. 



v<v 



ttfltlJ L c < 2d bearing strength n 

</>R n = (j){V.2L c tF u ) = 0.75(1. 2)(l. 53 1)(0.455)(58) = 36Akips/bolt 
MfHimSitfmsjfi IfU s = 3 in. ISIS 



L r = s — h = 3 — — = 2.062/n. > 2d 
c 16 



titnSS <jR n - <j)(2AdtF ll ) = 0.75(2.4 1 - (0A55\5S) = 41. 56kips / bolt 

8 ) 



HtH bearing S1l3nmtjll3RH1l3Ri3HtmjgTl3 HtslSS bearing strength mmiTfilS 1 

m cu ot u TJ vJ V Lj Li 

1 1 

Mtjnn shear 

_ /r(7 / 8) =0 6013/w .2 

4 

(j)R n = <f>F v A b = 0.75(48)(0.6013) = 21.6 kips < 22Akips (N.G.) 
mfftu: RtUlHSmnmtURgninjnra elastic analysis 1 

or -o a a J 



D 

355 . 8 111 ' - * 
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b. imauJl*lRn ramH ^ n ultimate strength analysis tfl H tff S 13 tj S til 1 11 hi standard spreadsheet 
software 1 WgtiWIUMHtHimRn^i 3 t 3 l 3 I|rnraiUM r Q = 1 . 57104 /n. tf .9 *1 

TUnBUmuJlIB BaitlI8Uti3U9TaTHftnBUiJl[TlIBlnl3fnnl3 tf.90 1 

tnntitf.Q 



ttnfr 

mu 

W’ 


imnitBltHij 
ustattus 1 

V vJ 


imtmBitnti 

IC 


r 


A 


R 


rR 


Ry 


x' 


/ 


X 


y 


1 


0.000 


0.000 


0.285 


-3.857 


3.868 


0.255 


70.774 


273.731 


5.221 


2 


3.000 


0.000 


3.285 


-3.857 


5.067 


0.334 


72.553 


367.598 


47.045 


3 


0.000 


3.000 


0.285 


-0.857 


0.903 


0.060 


47.649 


43.046 


15.050 


4 


3.000 


3.000 


3.285 


-0.857 


3.395 


0.224 


69.563 


236.188 


67.310 


5 


0.000 


6.000 


0.285 


2.143 


2.162 


0.143 


63.631 


137.555 


8.398 


6 


3.000 


6.000 


3.285 


2.143 


3.922 


0.259 


70.891 


278.061 


59.377 


7 


0.000 


9.000 


0.285 


5.143 


5.151 


0.340 


72.631 


374.107 


4.023 


Will 

1 


1710.287 


206.424 
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nwHfnj 8.4 



P{r 0 +e) = l i rR 

I rR 1710.29 



P = 



r a +e 1.57104 + 6.71429 



= 206.424kips 



nfJHfTlJ 8.5 

HF y = 'ERy ~P = 206.424 - 206.424 = 0.00 
usRtuWHSf?iHSBSiUi3RBil3iuR timssfdBmi 8.3 

<* in nsu v Lru & U d 

USfi 206.424k/ps IJltUlStJSlatnSRnilfitjl failure load WTBTOfTliRfritj nUffiTRlfflSflin 
lSltKlfnnjmjnliltl0Ji^l3^mtlWl|fniglfilSlJltUultimate load capacity 1 |BMSTOtlSRult5 
JBfijRlld^ffnS^liniolElltaflJiBjtJ fasterner design strength ItU fasterner ultimate strength 
74 kips (Crawford Si3 Kulak, 1971), lffil3Sl3SgtUfnStUSfnnmfjR[Ul 1 



H a. design strength JUrdU SJtiHEU dtiEUflimfU shear) R 21.6kips 1 
USmHR[UlH?nJiHl = 206(21.6/74) = 60.1kips >53kips (OK) 
m&UJ: m i d (0 li B1 S tu n [ in : [B U [Rl S 1 frl 113 ultimate strength analysis 1 



Table 8-18 tftU 8-25 ISlfiti Part 8 of the Manual (Volume II) ^01§jmR[inM|H1tBfTlEi 
B?i[insiRmB?nisTRHtjgil3it3tuji3sltJSRBiRB?n MTHitimjmftitigTl3SHtiJ9iJltufnsntrimni 

'vA 1) V* U 1 u vJ v rfo is- U lJtjvJw 

1 1 1 

C itiEUtiltsEUmfU connection failure load ltd fasterner ultimate 
strength 1 ^HjSStUtnStJSRRnnitltUHISfdfRfnn mmtanSSIRlfnSRtUntnffi design strength 
rafdif^HfnmtltunB i fdTHiiitisRtiiRBfiHSTRltnstjmtuislRiimruimmsiis tJtstss ramts 

Li U 03- U U rfj IS- Lry ul ct jj 

1TB elastic method itiOJtfllfiHlSfdffifTin 1 nfUlhlfd RH?BRn|SJ tl spreadsheet software RTRf 

U i o. vt i lI m 1 L»u 

filSI'jlJlwHJJitinSI ultimate strength anlysis 1 



QffmiJancS.cn: IjjjRinmsImi Part 8 of the Manual ttjHjmUlR factored load capacity P u lull! 

1 

Cllinm bolt shear WTHIURtMtiOJUilinilSlmirag d 99 ^ tjgTH bearing-type A325 HUfiBR 

U in -o c* tj v vJ sj j i. n is 

3/4 in. itfiminmMKIBlfitiUijfnR 1 tJgTHJUs! single sheai- 1 

Vt>-V30. ctoj 71 vJ 71 *-> 
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K =</>{ 48 )A b = 0.75(48X0.4418) = 15 . 90 kips 



c = P u IK . 

P u =C(/)r n =1.53(15.90) = 24.3 kips 

tStStUf EtfSfnnUSRlHRtLTlHBtJJHI (maximum factored load capacity) nifjfittfm 24.3 kips 1 



tf.m. RiuiGninfiBmjJiffiugtta: RtnamRURstSHtnamcn 

v- tf vJ nr u m -v> 

Eccentric Bolted Connections: Shear Plus Tension 

MTHIlifTIJRfrimtJtUimTU tee stub bracket tiGRtiJUS d9l£) USRQ[UllRB?imSR couple 

u uj- u v c* v & 1 *. n A 

it3oimijmSsRHil3mniisiRi3tjJ8imwrafjnRll3friij ttricufnritJsmntiTfritisnnTEsIntitjJsnia 

nru -o c* w Li U ty «n. 1 Li -nj ot u 

ufriH 1 mMstmT^lifnijtjitigilittitumsRliTRiiisini^H tigil38imwst3TRJtnstJifi§niaRi3 

U U Li U w- V vJ ~t. 1 Li 'O TJ vJ Lru 1 

rmtisim tiriffitigiagimTmHsaHSJiafisntui ^iffiHSRRnTmnsrafjuRltifntj usTtisHtu^ 

Li -o V vJ Li c3 Li Li U (*y y vJ u 

V CU -t ct 



■ FIGURE 8.12 
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raMBraiT^timn^uaTanMMtisMiiJniiainiRaTma ttitmfiiatmTJMMJ siafinu 

U Li U 03 - ?j w inn U i U <ii tu tu 

1 

bracket StiltimifiltifitM HBBtifiH1ia81i3ITfilHBinHfi 1 Bearing pressure StiJMStiRBItiSini 

n -*> i tu Li i n tu ~o 

usTiaMiufiJniitimiJitiiitiu* i iiJimtmiuBR p HBinuBBHtis ntriarjamsimaiiSlamftns 

yvJi ^ i n n n tu n Liu 

i i 

merastn luimRHiaMamBiBiianrnHaainBiBTa tiButiicmBlntiiug tf.sm a i tsltncut^cun 

<v tun U vJTjLn-Njctu 

i 

W1i3Ml3RIBiBll3IWTRftnBItmmHMIt3ti Ul3fiH1tiBtiTnftnBtmJfi ttfiffi couple Pe StiTSif tJlS 

n Lru n tu Lru 1 Liu 

stjscu-ttJimn-mtiTJSTtimrn luimnHitJMtimBliwttiuMiJtiiiBlMtij tisitinraiiirmBl fitting 

tu u vJ xa tun i) in xa <=* u 

Ca.9tn b 1 IBlltltUllJtllRHiaimglm ultimate load RmtiIBlfitiU9TtiBti8fiI9l!jH ultimate 

tu tu c* v vJ 

tensile strength JUfjfl 1 

iBitJnitmHm BtiHiBwifininTfiftnBiTmBlgtB* i i?iMsBHRinB?irafjB[uifriBfriHSTtjB 

m i «x Liu U st> \J Li i 

gHBiuMTR9riitiu9Ti3 1 u9|a!iJniMmBlri8ii3iwHmiB8ii3nina9i[Ti t'mmtJSTt3tt3cuts1nsnti 

is Li vJ di i) vJ u vJ tx tu xa U vJ 

ITmHHmiB8TRftnBMBRtslIi3Rinl3Ml3R tiBTJiJUTHBlntilTJg &9CT1 c 1 tJ9]i3SHtlJ9Tfi!tnSfi3SB 
tilSSthtnsmH ultimate r uf 1 IlJimW111HH1BU9TtirilTmmBlTRUB? (JUS d9CTl B) fitntiB- 
Hffi?)TR!tnSUi3ini 2 r,„ 1 fitntitiUIBfitntigitn StifiHItifdtifitil couple itiWIhJStiHHtiSUJUfd 

u Liu lti xa tu tun tu xa tu n i ^ V 

*j 

Burn HHti couple H1BTRftnBimiJimiBti[miRHHtilBRinaU9Ti3IBtUHRI[linHmilJtlItIimTMtlI 

u ± Liu e» V V tu U ^ cJ tJ u U U 

flB^Hmimni igiinwitJniHHtigurnftnBifiR^nMHHiaHBfHB iRHiBinmnagimtigTa r ut 

V O u Liu jJ u in tu xa u w *•** 

JtlnJHSfdltUnMHPnJttlnJSSClitnS 1 (lujss^fdttytimsti Case II in Part 8 of the Manual, 
Volume II) 1 
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qffiumfi beam-to-column TRft31Btn§HI9Ttiltfim structural tee tiBUiJlITlIBlniaJTJg 

L»u n vJ v in -o c* v 

Cj. 6)^ 'I mijjJUSjti fully tightened bearing-type A325 3/4 in. GSS 8 tjnUuJlJfTlU 

MlUIUM tee tfflstifiJmfiJMJ 1 BJHItinfnnmUTmBIUWHim (tee-to-column connecvtion) TU 

cu iu u n u U U 

MBrafiiauamHmm 88 kips tslGtimfiBfi 3 in. *i MBntiiiBcnuaTtiMniaiRtintifTiniiiJnmtJ 

&< i « if. vt ■xj j) w <\ ct (ii 

Hfiitfl A36 1 




o 


o 


o 


o 


o 


o 


o 


o 


8 


// 



|1.5" 



3 @3" 
t 1.5" 



Btamglpntn: shear/beari ng load fdjjmUUSJtiHtlJfi 88/8 =11 kips 1 fdjjnu bearing design 
strength IfUHtinSfltjmiTlti 



, . 1 3 1 13 . 

n = a H = — i = — in. 

16 4 16 16 



ran L e =1.5 in. 1 1SIS 



t t h 13/16 . 

L r =L„ — = 1.5 = 1 .094m. 






2d = 2 



= 1.5m. 



v4y 

UfimwiI L c < 2d , 

(!>R n = </>({. 2 L c tF u ) = 0.75(l.2)(l.094)(0.560)(58) = 31.98fa/w > 1 1 kips 
MUnuumjnaitijaigjHmR 5 = 3m. 1 isis 

L = s-/i = 3- — = 2.188m. > 2d 
c 16 

titsiSS <f>R n = (/){2AdtF u ) = 0-75(2.40 j(0.560)(58) = 43.85&ps > 1 1 kips 



(OK) 



(OK) 
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RimmBWnimrpntmBMtjnU bearing 1 

shear design strength 

x(3 / 4)^ 2 

A/, = — — = 0.4418m 

b 4 

(j)R n = <f>F v A b = 0.75(48X0.4418) = 15.90fa/w 

finTSIRHItiSimfdTmUUSTtiHtlJ SimSTOHmRRnsm tension-shear interaction 1 StflffifiJIifnn 

nj -o U i) vJ w Uu eJ 

mints grafiBHBMniBlRHMtnfimuntii 1 ms ri.sti utncnmsmtiusTa BamrfnaiBnmna 

1 u U 1 v n n 71 ui m u w * j) w m 

sicnusun 

-o V vJ 

HHlirarj resisting couple inftnBimiftmigtiniyRHHtiiBjuHnjimR: 

ZM m = 2 r ut (4.5 + 1 .5 + 1 .5 + 4.5) = 24 r ut 
HHtillJtllHBinR 

V 1 61 

M u = P u e = 88 ( 3 ) = 264m. - kips 
tfmHHiasu tratitns 

v v 1 n U 

24 r ut = 264 U r ut = 1 1 kips 
Tensile design strength Pi 



(f)R n =</)F t A b =0.75(90)(0.44 18) = 29. S2kips 
[RRHSPlj RCSC Equation LRFD 4.2 Cl bolt specification (RCSC, 1994) tjlHOJStl 
P u = r ut = 1 1 kips Si3 V u = bolt shear force = 1 1 kips 



Pu 


2 


1 

1 


2 


f U ^ 


2 


f 11 'l 


1 

c< 

1 








129.827 




U5.9J 



= 0.615 <1.0 



smtn: nnjmtjratjnB 



(OK) 



■ FIGURE 8.15 



O 

O 

o 

o 



o 

o 

o 

o 



~T~ 

3" 

+ 

3" 

+ 

3" 









-► 2r„ 



+ 2 r 



U t 
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IBlinnJltitmjBTtilBlRtiRIIJl slip-critical if] rill S3 CTI slip-critical strength tfltiHmTfiftnS 

U vJ ot a x> 1 ^t. Lru 

AISC Equation A-J3-2 (IHW ttlR fl.^) 1 HHJIUIRRTjI 

^ l in ‘J 1 ot U 1 

clamping effect BtiRHntiRRRTRjtnBR'lRtJBm *1 UIBIBlnaHIinilJtlllBUBanQrillim flHISRinti 

AC7 cu Lru ^ l n ct cu 



!gn&iai|rnHiuMH[iin MflmuHtmuiRtB* slip-critical strength Hsm[RJtnsfnriustmsint3|tj 
IfiSRlUltSolS ‘I 

ti.d. RtuiBiunfiBmtJiffi^ni: tsmtniafnfi 

» u ni 

Eccentric Welded Connections: Shear only 

inJmnnimBnmnSmiJimtinifnHJSiJtimMTinuHimiiJimuaTa iwmniatRtimnana 

IS. O y ot Li ii vJ Li cu <=* 

ira^afTiuHm9TRftnB^ BMiiJimRinanaTulfaBRUBniilRm i fltsnamimiiJtiiRimBnnmBR 

u U 03 - X) Lru X) CU Ct Ll vJnyc* IS- 

UhmUBTtiltiRHntifTlR RimilftmtinniaRinafnRinBTRftnBHiaRIlJlBfJB elastic method u 

U vJ cu O cu Liu n xa 

ultimate strength method 1 

Elastic method 

UBRlBllW bracket ifitllUhlCTllBlRainB &9e)a fTIBStiTHf tnsnBHJ ClJTI^TtHHtntSl 

dj in x* <=* u L»u U 

mmmssmjsm fanjtfraiMTJM throat i niMBitfrmtiwBRimnB* uBRBtiTRJtnBBuiflimrnari 

ct cu vJ CU Li ~t> & Lru Li vJ 

1 I 

ttisRUBniiiJtiiuttuniBlniaiu else) b i ms miR[inBnnBtiimm:wiHtn rawsramnu throat 

& in xs u in 3 mU U 

HGJilRRl 1 UBlUHRUBRtaRimBltnBTRjRimBti 0.707 ^Hmal39iniUMBRUBrilBHTBgtlItnB 

XJ n & & Lru i U xJ i J U 

usnnR{tnm3 1 

■ FIGURE 8.16 





(b) 



(a) 
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uBRBnjnnSmsInayiagnu^iiiJnnn^JBRti^iiamaRHiafTintiiw (direct shear) 
aaRHiamHUJlBUHtll (torsional shear) 1 1I^mimmHaHm5IUM9nuam9UBtljaaBI[mR 

su u v i u 

IfdJtJfj direct shear ISIS direct shear stress R 



f =t 

' X L 

tficu l tiiniiiaMiuiuMBnnani luimi^aTRffliitiRinarnniflimnntiiitiis uJirntmiinwan 

Li l \J ^t. Li vJ c* nj v* 

Stn throat iMSi 3 HffiQR?n 1 raMBiuimranuMialfiti 

U O Li Li 1 V 

P - Pv 

J \x=Y si3 /i y = ~jr 

tt3cu p r aa p v friuaRHiafriHSfd x sa y i RaTsnaRHiaRifluJnnfimOTaitftmrmi couple 

-A y tn m * i Li m vJ A 

TRltnsmjRtjiHffisaraHSRHiajHcu 

Lry u y Cl Ell W 



f 2 ~ 



Md 



ftitu d = BHimnBTufigHBraMTnariitiRinafTimglBniitsiiJtiiRaTmannaTHitnBRniim 

zs Li i is u vJ a m 1 i Li \ Liu 

j = HHtiaBwmnufwiiuMTnamtiiB'i* 

V TJ U vJ < 3 i 

ras ca.Gjfi uaifTinnarmamai;sgislTRarriQTtia8iai;mltiR8iai;TmHmrjsnusrir t i snHRUfja 

V in -o i U U U] ct u O 



ma 


, _My 

J2x j 


Sti f ly = ^ 


it3cu 


J = [ r 2 dA 

Ja 


-J> 2+ > 2 M. 



\tA = \ A x 2 dA + J y 2 dA = I y + / , 




3 



M 



ttitij i r sta i v tiiHHtiaBtiimniuMTnanttiRBiamR i iBlintuiiJtmiflRHiamaHMTRftnBR 

-A j v U vJ <ii w in ni L»u 

tuiR imainBURudRHiaiBHTgBtiitnBRaTsnaRBiafnnMraialTHtiBniiBiiJtmmaBtiBa u 

V m su e-J w i U cu i U i -v* 

fv=J(ZfA 2 +(ZfyY 
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ttamatinimitfimuaTti ^BiglemairmjtsiRMTinuRiaTmatinHitiTnftnBnniinrifniMianiw 

y et II w y U ot U i U fn Uy n 

i w 

RUH S i3 8 fd i ul TJ fd Ui3 direct shear Sid torsional shearing stress 1 

i 

iiJimcmnniragnuBJiinaHmiinin rmRonsisruiSsHs BaHHtiBtstiifnnRinBnimmrtii 

UOctyri U 1 ts v 3 

18ITJB1R 1 ISlRtitfiJfftfiltSg It5l3nRHaRBRUBnitilHl3m8niJtlIiml3MBRiglTUlii3lJt3mBaTtia 

\J ctuJ n \JnvJ v^>Uyct U i 

iRHiutiiitiRiiJtiiTRffnmiJtmaiiRTifi i twhintss imaitjiniHHtiBBwmnraMHaRiBnntuiBl 

et Liy eJ y n O lJ 

BaiiRniJtiiTRRRitiiHmBaisi i 

l_nj ct y \J 



^£/7//W^:R[lhRStJirafjSRUSJintlnJ|RfmiM|iriUR[Ul bracket tsinmus tf.Sri 1 USR 
60 kips tilUBRIHRim 1 IfiltUUjR A36 M|jnUMMI Bi3 bracket 1 




M = 942.6 in ~ k 



tkamtmntm iRHiBTjBMUBRB^SRitiimuBRBBR sia couple Etonian rm si nmus tf.®cs i 

U u & is- & is- A yiri'oc*y 

Direct shearing stress Bfitfl JWps/i>i.RlJBRlMTH1UTRUHl3RBRUBni ItlimiMBti 

1 y ct Li Li n O ^t> 



ttanemBtf 

i* 
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/i v = — = — = 2. I43kips / in. 

y 8 + 12 + 8 28 

HBatinimmufifitntiiHtuiuM shearing stress, inrRfnimnginaraMBTufiBHBiuMTRarilti 

1 n CU li o ' L»U U 1 U vJ 

1 

RtnaRiR t niRiniRiiimHHtitiiHmaatitmiRHHtiintuHRi y . 

CU V U v V tJ y 

*(28) = 8(4X2) U x = 2.286m. 

UtimfiBu eft 10 + 8-2.286 = 15.71 in. 

is- 



mimHHiMHWR M = Pe = 60(l 5.7 1) = 942.6m . -kips 

niMBraiRItjltlIHHtiBBtlIfTiniUMBRnBmRlHBMIlJRaHm9intuifRIBTtlfiBHBraMfl ISIS 
HHtiBBtlIfnntBTRBriltiMIUintUBl3HRIBTUfiBHBRlHBMUjRR 

V UvJ< 2 i]U O Li 1 

4 



7,=^(l)(l2) 3 +2(8)(6) 2 = 720.0m/ 



HBRl 7 V =2 
v y 



l(lX8) 3 +8(4-2.286) 2 



WltU J = I X + Iy =720.0 + 195.0 = 915.0m 



12(2. 286) 2 = 195.0m/ 
4 



ras cJ.scj uuinisfiittllJUfjuURUTmusiunjJsIfuuTtjUJurjuniisHraoi rihriimU3r. rib 

V in "s> (n 1 U Ui u n 

TtjtiBltitnJltiRBliarm UR1BTtia8iaiTR1HltiR81titminBTRftnBRRtilBHii3IlJtlIH1BITRl*SlR1 TU 

Li ] ct 6 ~i "'A Li 1 Li ct 61 Liu Li ct Li 

MBraiRIlSMnMR1BTtit381t3ITR1H!tiRBltitm ISIS 

Li Li 1 Li c*. n 

My 942.6(6) <:io1I . 

/o = = — = 6.18 lAcms / in. 

J 915.0 

, M x 942.6(8-2.286) _ 00£ , . .. 

/o v = — — = = 5.886 kips / in. 

ly J 915.0 

f v = A /(6.18l) 2 +(2.143 + 5.886) 2 =10.1 3 kips / in. 

TfifinBfimWMiMUM base metal 1 HMUfflJ 7.21 

Uu fcJ 1 o 



(f>R n = (j)F BM x area subject to shear 

= ij)F BM x t = 0.54/y = 0.54(36)f — 

v!6/ 

= 10.94 kips I in. > 10.13 kips! in. (OK) 



nbJHfUJ 7.20 weld strength U 



(j)R n =0.707 xwxLx 

Electrode ttinJffif|pMtjnUUjR A36 R £70 . tilHtUSti </>F w =31.5 ksi 1 
tiBiB*BtnBRUBmuJtiJ trJriir 

V \J LfU 
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w = — 

0.707 L</>F W 



10.13 

0.707(1.0X31.5) 



0.455m. 



fillet weld l/2m. electrode E70 1 

at L* u 



Ultimate Strength Analysis 

IRffltsRhJlSI Eccentric welded shear connection iultlll[U elastic method tlhilfdlRiTin 
mBiHHimMJnfnnintintiiaHliJtiiTHJfni luimmBiTunjnjnfinjmmiBlfiimHm (Buitier, Pal, 
and Kulak, 1920) 1 RlftmfinjIfiBtBSHIBfiimSufiSJtiB elastic method fJTHTO eccentric bolted 

U 1 Cl £U V El 

connections, ttllffiratJmtUSIlimJfdSfitilSSIRSSlajIlll TJBR-RUlBTBijTBim WTB’lUR'milin Ttl 

U is. 7J l_i Li Li *J U 

nnitiiaiglRiuMRtnMnfriiMBRtsinMMtiiuMBRUBniHaiiiTMmBagMiiJIinMnBmiJtiiHBJni 
Ultimat strength procedure |JnfijlSUi3inilSlRi3 Part 8 of the Manual (Volume II) tUltffjjnJlflS 
MiauiBlBIB* 1 hnnnWfniMRptjmJttilJlUM Butler et al. (1972) BtJ Timler (1984) Hiltula 
UJtmMIIRlJBmuJtmiiamBTt3MTinn eccentric bolted connections iultl! Crawford and Kulak 

7j ot n vJ u 



(1971) 1 



^BM9lfTlinB1I[iminhTR^afTlUHm9 iml3RRBRnBni!lJ[lItiintilHl3RBRUBIlIl}lB9 IlJtll 

u fj LjUw-w vJ nO 

fimuRn iBlintmJiB uBRttinjHBJfiHRinifinjiTfiJtnBBtfrtfimRHitiiBlntiBiRaHms tiTHmsa 

ci w ct <* in Uu cuctiu u 

RH1t3lt3thmHiniRt3tSlSt3rnit3Chmamgft3n instantaneous center of rotation iglBTTJTjBHB 

cu * 5 » n vJ U 1 



rardHtifismjsm flBuhifmBlnaiuB i RBRnaRiiRimBiiBSRTMiiJtaRiBaRBRiiJtiiiTu 

n O v in c*. i) ct UUc* U 

1 1 

MtHiuiTR^amu *i ms RiinniiRnuiBTBtiTBimHRuiHiraMHi 3 RBRnBni BamiRiuiRRHiana 

u uu u> 1 n tjULi n O w c* 

IBHl 3 RBnUBniBHm 9 ia 1 innillJWlJlBRritnR*l iSHTRIlflRBIRllJtllHIBITRlJtslR IRTRlRUilRtitll 

n O i) eJ 1 u ot Uu 

mjo A max / r M|jnUB1R3Hm5. ttSCU 

A max =1-087 w(0 + 6) -0 ' 65 <0.17w 
e = HifitintritiBu BaHniiuMHaRBnuBni (ihuhtjb tf.sd) 



w = sirismisju 

r = BHItlin IC IBlBTUfiBHBIUMHl3RBRUBIlI 

U 1 is n vJ 



tramrmBsf 

if- 
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BIRUJnJHIBtinnBtUfiBtfitilfifitfiBIfiUJnJIBltJW ultimate capacity HBim nmUHRRUlBTBti 

1 U V 1 A *' 1 <* V Lj 




r max 



itlCU 



r = mM|jnUB1R 

= — MTBiuoimiJtmTmstjiR 

U i U ct 

On ax r 



inHiBR[mRRina9UMTHiuaiRaHm9ri 

SU U l u 

R = 0.60 F exx (l.0 + 0.50sin L5 e\p(\.9 -0.9p)] 03 

o . 

tuCU Fexx = weld electrode tensil strength 
A 

P = ~ 

^max 

(HBflBniiiiiRniiufimnBTaiiJtii i?tiiHSfiHsis1si3 Q ) ^ mmthisinHSRtmnmmrriJsriSfna 

V V vj 1 l ~t> 

JTJM instantaneous center of rotation 1 niMBIUfltilBSntJCinTtnRlJ PdHfriJtlJSt 3 St 3 Tfif tnsmnCTl 1 

Li Li Litj -\j 

miR[hisiusist^T^^EOst3R[Uii;^imusTt3 e i 

Cl iJ Li U ct i) vJ 

1. FTEinsn load capacity nfdHfTIJ 



X M ie — 0 

O v , 

lutU IC ul instantaneous center 1 

2. TUMSraMHmJCUSl3RH1l3nJT?lJtnSiJinni I SI ssmti instantaneous center itiEUtilS 

Li cu L»u ~o 

fiJBR BanBmfltlltnBimalRafitJnBHmClRtilTRHTRi IfilUHBtftBMB IRTRiMBRB 

«<> ot u Li Litj y ct L*u ^t. 

mtitj luimiBmiRimBiMin^iflnj i 
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JiuaifTitihtiQnrjsftnnOTtnQnamnmrtnrjnHlcnnTsr i SinnwrtmmuJimnnTGi 

i_n ~o eJ ct U U ~t. i u U i u 

eccentric welded shear connection fRftnBfijIBlRtifl'inauJtlJ 
tflBIBlRti Part 8 of the Manual 1 Table 8-38 JUlfitinj 8-45 fjjWgmriUBRtHfinJl (factored load 
capacity) M|jnufniua}Han9RnBjiimH9MiiJR aagMumjraHmtiiipaiflimnDiiti} ultimate 
strength analysis i Hini3mi3ia*HiBtRftnai|nM|jnuRiiR[mm uRifJfliH BtinjunuBfwiBmri 
tiit|pslStijlfdRJHiQsi 3 tiu|tJsg i M|jnuRniimt 3 ^m[im!iJniHatnBnjunuialRi 3 STinaiRinti 
l|tJ elastic methoid 1 



^^7f/z«z/7 nEinnstJisRu^n£3mtfitnGeax J H1t ^ pnj?1 S nt ^‘ £ 3lfitigsifriJETn uJimwmwRii 
ntnmm ultimate strength 1 Qn|tI?Tirii3fi3‘[iritj eccentrically load weld group tufbcljiSlflil 
Part 8 of the Manual 1 



A^AW*Qr;9RnaniiuMEi9iuiinji tf.ti tftnnfigtiBmiglBtimtauiJirniBlRti Tabi;e 8-42 

gj O U 7 J ot u LTl-OCA 

(angle = 0°). ItfimRIJtflRTJBRRtiBfil *1 IRTRiR1IRtHItsI81t3ITR1HMTH1UnmtlIiglRi3mrU3: 

v c? ' & v & L 17 ; tu U U w- ct 



_al _ 



15.7 

/ / 12 

k = — = — = 0.67 
1 12 



= 1.3 



itfimiS interpolation talRti Table 8-42 Mftnu a = 1.3 

i 

c = 1.14 rj^Hiu k = 0.6 ttfira c = i .30 rdjjmu £ = 0.7 
IBlSMpiti k= 0.67 iffiiasscutns C = 1.25 



hl|jtnu electrode E70XX , Q =1.0 
RtH D itlCUMfntjB 

m 

D = P “ = — = 40 

CC,/ 1.25(1.0X12) 

SQis§stjisnusjinStiJQitnQR 

—(4.0) = 0.25 c girigRUBjiiiiJwtRiRingiRaEigitJiinji tf.ti r 0.455 
16 “ 

tStffOUf IftJ electrode £70 . fillet weld 1/4 in. 



ttamsmStf 
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Special Provision for Axially 

Loaded Members 

iBlitituiiJniHamTR^andianaRsnHifm RarmarnftnariTiJimiMialitiiHSfnH luim 

n u lJ n <in i u Liu u 1 

iiltiifitiiHRniafTiHmHgrafiaHa i mthto 

nj m Liu o U u l v Li ] %s Li 

HaHiiJtiiianaRBSmalaititjaiuMfi RHiagutiuiiJwtiniflTii^mHimRTHiiBHirifnHHmiBJiiJn 

n is- i w n n Uu o 

TUMBraHamasinaHsmHMiHTg wgtiniintiTHftnBMiitiiiJimrnitini ummiBTtiitJimwtHTB i 

U n 1 1 U G) Liu U MW D w ] Li 



{TJWSraHtifiHiaHSmfiBSMrafS tiBtjlH8ffimtimfitigtJ (double-angle section) ISlfjtijUS 

i 

Ca.lao fflJtanj urnifnUUSTaillimMlHTBlB^THIUliaiStilHIiniaUBRBlRBR tflHffiSti couple Te 

■>* V vJ i u ci [J dj is. i) 

tiBTJttHTllBlfitiJTJB Ca.bo b 1 

v in -\a <=* u 




J 



'Centroid 



Section 



Pt 

R ~*—~Pi 
Pi 




777 PPZW 7 P 7 P 7 X 



T 



R = T 




e 



R - TJPi + P 2 



(b) 



EM = Te + 0 



aisc ji. 8 HBnTiR^nBriniBiiinRSmajMTHiuHaHitiRBiatmBBi iBlinrotaHtimti 

l no ‘J is- Li n su n n 

fatigue iflnraiijnwHRnmnTBiJiiJtiiiBfTiiifiRnaR umntnBHStfuwfitiTsnti i3tijnn^eiT?ift?iEun 
Hnntnjcun unHamnHnriBiiiiniiflimtmifninfTiuiflimrnitini mtfimuBTtiuJnjHiBWfinjuwH 

'd i > vJ -d u vJ 8 

Tfdti i (tiiminn iBisufiinmsrimmHiBTHftnaimraMTHimRHamtJtiiialHRHiawiBBmiJim) i 

U U Liu Li Li n tu n 

iHHiBnniinrnifTiuia8iflimHaiRMHfTii[iiBi3RHii3 stinmi i MrmunimiiJtiitiniiiJtiiuaifmal 

w- in ruuLi vJin'o 

naiuB ta.b® MHmifiuainBTHftnBBBtmflimtitiiuRHHtiiBtuBRUBnifnHBMuJnaianmH: 

c* u V Liu X) V V cJ lJ u 
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IM L2 = Tc-P 3 ^--P 1 L 3 = 0 



H FIGURE 8.21 





T 



\ 

Gravity axis 
of member 



P\ ttJw^RmagumtnBia1ni3BnuBjiiiTiHgMiiJn&iaiwi 
usiuHmRHiQ^srjmmsgisInarjHfnifiJsantriasimTmH: 

<3i i) tu ct tu Li 

IF = T-P l -P 2 -P 3 =0 

IRH1BII^8TtmmMHfnna«3HTIRSitH Pi tt3nJtilRH1l3Stjiflfni3iSiRi3SfitJSni?riHSfi3 

U e-J m " m c* vJ 

uJR8iiK|fnH i M|jnutRugtniuMgRuajii iRHiBitfi*tjmmjRtuiiti l x sti l 2 *i SuuiimiuJi* 

UmmtRftnBtiainiiglnaqgitniim cJ.nl iticummcutii balancing the weld i 



QfflWian CS.ri: HtifiJtiRligiimtinnjjl^tiltfim double-angle section, 2F5x3xl/2 UJUJIfitflR 
i2tiiiainMfigw§i3mi!iJmRi3tnftnBfTinig1aa gusset plate r|him 3/8 in. i ttirraitiHMtji 
A36 i HirnmnniiuJimmitijii iflimiBfnimRuamBiinmBmBFfguaatensii capacity tnni 
raMHtifii 

n 

Load capacity IHMHanitiimiffinW gross section R 
(j) t P n =0.90 F y A g =0.90(36X7.5) = 243. Okips 
Load capacity luEhOlinCh net seactionjjnJfBJRiHnjfj U 1 
IRHBimWtmitigRUBfll tiBIBMRHSinBfiimm U n AISC Equation B3-2 tilStg 1 
RtHHBTH 0.85 tRggtUtns: 

tu U u 

A e = UA g =085(7.5)= 6.375m. 2 



ijcwoinfiei 
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<j) t P n = 0.75 F u A e = 0.75(58)(6.375)= lll.'ikips > 243.0 kips 
Yeilding ITJW gross section tfimBmnnimRtamRHRWRJl tiGtSS <j> t P n = 243.0 kips 1 
wnnmtiniRtiHm TJBRitinjTRfBUR 

U U ^ Lru 



243.0 



= 121.5 kips 



Electrode itiniTRlfilStiitifi A36 R E70XX . Itfim 

L»u ct 

St/iSRUSJlTHUjUJH1= -^in. (AISC Table J2.4) 

BinHRUnn=-- — = — in. (AISC J2.2b) 

2 16 16 

ihTIRfUj 13 electrode £70 fillet weld 5/16 in. I 

mamniBlniajulfti iin. = o.707w(</>F w ) 

f c 'N 

= 0.707 — (31.5) 

U 67 

= 6.960 kips /in. 

HJBfTlEIITJM base metal ItiRBItifTlR = t(n/>F bm ) = ?(o.54£ y ) 

= |\o.54)(36) 

v°7 

= 7.29 kips I in. 

UJimilMM^IUMBRUBllIRtitiiaiR tiBIBMTtmwWliJUWBRUBm 6.960 kips /in. 1 

in rJ V V U 1 n vJ 1 



m FIGURE 8.22 



5" 



Pi 



M. 



01.75" 



3.25" 



\ 



->-121.5* (one L) 



Gravity axis 
of member 



2L5 x 3 x V4 



WT113R1HIUB dlQlQ 1 WBfTlRIUMBRUBlinal81l3Bl3raM!lJRlRaR 

V & xJ ] 

P 3 = 6.960(5) = 34.80 kips 






IM Lo =121.5(3.25)- 34.80 - -P 1 (5) = 0 

v2y 
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P\ = 61.58 kips 

IF -121.5 -61.58 -34.80- P 2 = 0, P 2 =25.12 kips 

L\ = —5— - = 8.85m. ffifi 9m. 

6.960 6.960 

25.12 

Lo = = 3.61m. EUfi 4m. 

6.960 

m§m: nufrutanntlijtjtnfmslmiras dlocn 




tf.c*. RtmBnmfiBmtfrtmam: ntnamR santniasicn 

» un u m 

Eccentric Welded Connections: Shear and Tension 

RCUlQlUllRBRtjlireS tfimfilfiJfriJfifrra beam-to-column SmiSnnl3RH1t3Sini Si3RH1i3 

is- Li iy iu -o iu 

mfi i R[uiramsinnmfisT?iftnstJl3iniisiRi3ms dlo6 i 

U Liu in -o Ct u 

Seated beam connection (shelf) IfclHj 

Li ot *J cy Lru V vJ Li v^> js- V 

direct shear it3tUfnsnTtlRRHJtJfdGH 1 torsional 

Lj '-*> c* ty tuctnu 

stability ISl^TtiH IRllHStHStitHTSTtlfiRHlS 1 IRHIBfTlUfllBlBtiTgBaraMnHflaM^TfTlIfnU 

^ |J ct u Li Li '■'t. ty U l ct y u* 

IBlBtitmmUMBHtnB 1 beam-to-angle connection mBTfiftnBIBtaTtiltfimmitini UtJSTld WltS 

IU C* c? Liu 0 VJ U M tJ w 

fiHBxaaftisRwtui si turns 1 

Framed beam connection ( mBUJffldUBHfnTjltilR) ftiWHIBltififfitiUmTJtimmmBlBti 

a ^ fuj \J ty 



MMI ItfimiiaBiTUingUBRlJBmnji seated beam connection 1 ItSmTJMfniHJnU beam-to-angle 

u Li dj u <=t c y 

RtiiraingBrnSn msusmslrnaumsmnamfissa tiBiB*fiHBmBmritimmi9i sin seated 

Ll is- 1 6~1 dj ct 6XJ 6U V 6U ~o 

connection Si3 framed connection H3 h T di fp S fd Ui til 0 J 11 S I fl 1 

Liu ty v vJ 



mintrmthi 

if- 
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II FIGURE 8,24 




R 



(a) Seated Beam Connection 



R R 






(b) Framed Beam Connection 



tsImarmfissHtu^tutnsutunumtiiim snuBniurriTnaliiiitinuMMnauaniJtiuiiunial 

c* U i) U O cuu m & y in 

nt3jus cj.Iqec i iJtimtilHmaaHimuJimugTaialnalug cj.cn cisritirBr p sia couple m = Pe i 

c* V II <zt u JJ \aJ ct V On IS. 1 

RtirmtiRintiRinfi 

l U tu 



ttitu a tin TRsmti throat MiniuMBRUBni *i iRHiBHimmnarmaRinaffitTiHfiuiHiri 

U vJ <ii i O i U su -o 

flexure formula 
_Mc 
Jt~ I 

tticu i tiiHHtisQChmnmtuHmsm^sHsmfjrnsmticticiJtinsTt3i;tiitijmsmti throat 

1) U U u 1 t/ Li vJ cJo vJ U u <ii 

fdrarafjsfmsm sa c tiitjHimnHmgrufiBHaiglBiintisnutiHiuMTtiaiiJtiiiafTiiffirni whig 

1 \J \J U i t/- ] ts ] U l 



mnl3T?nl3RHil3tiuHBujHii;EJitijmticiJURlsmufdl3mt3nns§ csistRtns 

i U su m c* v l i V 

fr-^fv+ft 2 

fdftflUglR kips 3t3 in . , Rt3{Rims§St3[RftnSRRtil kips /in 2 1 pWBIUfitiRUfinJlBlIBS tR 

i 

CjpSlli throat QRR1 IBl«RintiMIlJtimHiai*til kips /in. 1 JTJWBIU f r |RltnSR[UlRntJSRtH 
RC1J1 tRH1Qt{UjmRjUfltilHtfJSl3 design strength rafdSRUSJinSfUt^tlRRl 1 CSliUtillRRCUlSI 
TRftnBMBHinRiitiiniRniiriHariMBmiJim RfiHianiRimrMiHfnntiiHmaa lrfd context ttin 

Lry sa>c» 8 vJ<ii 8 ] u 
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M FIGURE 8*25 





q97Wm/}Cj.Cf:m]\5 L6x4xl/2 tsima seated beam connection tiBUtillTlIBlntiJUB dl£)e) 1 

U ct y in tt 5 J 

firnfTBBfUBmHHimniHRH 22 kips 1 ttifiSItiHfdtil A36 luimimra electrode £ 70XX 1 tR 

Lrjj Lj y d* 1 Li ^b 1 Li 

mrnffniBtrignnBni fillet weld uBiBMTHiunfnuiBlBatmuMMi? 

L»tj i ^t> U cy nj 





ita7///w^;oQRi3gsitdjnlifi[uisinHS. immstfi throat tmenfiiTHitiRtuiai i imsutiirmtam 
ISiTRlfflJ end return mtfim uSHTMTHtIJfiilfTIJnimBI IRBaitntllflMTHlUfTlIHimBlBliaiTfTlHI 

Lry W Uu ct Li Li 

talTHnninn t?iHii5i3is^\risTutJi3JUfdfitslT?itiQQji < ijtSo tuitiiftrinfiHssistn snoji?i 0 tri 0 fiuspj 

Li vt> Li Li l O 

l£3lffifinJHlSFinilfinri3fiJJ 3 /4m. gHfgtftnBtBUfim 3.25m. 4m. tsuBararj 

iflmna i TUMBrawMBR^TRtnaraRRHinHiriTRtiBnjiBnninwiuMraiialiJtiiu* iBissnirm 

Li jJ nj Li ~b c* Li in Li 

Bmrajustismisjim 

e = 0.75 + — = 2.375m. 



minsinBe; 



2 
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ttriraHHtiH 

V 

M = Pe = 22(2.375) = 52.25 in. - kips 



H FIGURE 8.26 





MTHitimnmsfTiJtannticuriJsmslRiaras ti.tanl 

U V ct 11 

I = = 36m. 4 . c = - = 3 in. 

12 2 

, Me 52.25(3) . .. 

f t = = — = 4.354kips / in. 

f I 36 

P 22 

/' = — = 7 .. . = 1 .833 kips / in. 
v A 2(1X6) 

f r = yjf t 2 + / v 2 = A /(4.354) 2 + (l.833) 2 = \.12\kips / m. 

inHiBinBingnn^ifiJtmntnB w uJimfij f r iMiglBanigmnBnuBjimaHmansTiiulfa 

f r =0.707w(^%) 

4.724 = 0.707 w(3 1.5). w = 0.212m. 



AISC Table J2.4, 



1 



suismjsnratmjjui =-m. (ttfimnimtiJBuiM'iTJiTJWwwi 5/8m. 

&J ^ cu 



AISC J2.2b, 

00 - 117 

BtllHfitmn = = in. 

2 16 16 

THRnBHTWBmnfitritimHggWUM base metal: 

uu eJ e» cu 

Applied direct shear = f v = 1.833 kips I in. 

Shear capacity of angle leg = ) = t(o.54F y )=~ (0.54X36) 
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= 9.12kips / in. > 1 .833 kips / in. (OK) 

GWm: IJTJ electrode £70 AT .fillet weld 1/4 in. 1 

m FIGURE 8.27 

6 " 




imimncusl end returns tslmagmuunfi tf.tf msmmtmmwfittliffimnGmiRiihm 

v «=* i m v- c/ 

iwRsnjtiiHffisD end return ISmHisrmJt3njE3t3stjisRusnnStiJtnsrm , mfTiis1nt3mm[ifisi 

U Li U -\j ct 

ttunsHm i ( flunamimHiajHarnitnaHBfmginagmummiajiguJimMiigtnBnuBmHm- 

U «n. Liu 1 n ct ‘ xj Ed 

uimtpuimBMtjnufTiinnjim) i End return [RJtnsmnHnstiritmsInagmtmtifi ta.di 



fiffltflTlUI Ca.dl JUS Cj.lOd tJiJinin framed beam connection iultllRjU 1 iun framing angle til 
£4x 3x1/2 ItlimWMnil !K12x72 1 ItinmiaHMtjltJJIfiB A36 itn tilt fit ]1I electrode 
E10XX iuHTUttiR fillet weld 3/8 in. 1 nimnnHiaTURRHIHHimiUMnHllJtlinimmiJimBn 

e*J n m U i ct 

UBmiBllWWlUMMn 

u nj 



■ FIGURE 8.28 





L4 x 3 x 1/2 



^«Z/77// , /mr;mMSRRH1l3raRRHmfjRHmmnfTlPi?riHSTiJ^SHSmfjSRtJSnnSframing 

4 j nju -t ct c? Li ] t/ u 

angle 1 titsISS BIimnSniUMRinl3ItitUBaBRUBnnBiTHtiRnUMMItilt3inmCigTUfiBHBI9ltmU 

V V- suU O Li fu tx Li l «✓ m 

mmi i MTHitisiri throat Htiitmm atignuBnifanmiiiniiBlnmuB dl£)d a 

U wn O in 'o tt u 

- = 2(2.5)(l.25) = 0 m9in ^ e = 3 _ 0,1689 = 2.831m. 

32 + 2(2.5) 



finmnn^si 
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HHtiiaiiWBRUBmiiJnnaiiiiitmuMMiR 

V xJ tu 

M = Re = 7? 2.83 1 in. - kips 
ttfCU R kips 

nstJi^tu^nsinamB dtadb. wnnjiriuMBRUBnnBliwtmuMMi 

c* V 3 xJ tU 

-= 32(l6) = 15 63/n. 

' 32 + 0.75 

I ^ feL + 32(16 -15.63) 2 + 0.75(1 5.63) 2 - 2918m. 4 

M^muBRUBjiimtani 

/ = 2(2918) = 5836m 4 

, Me 2.831/2(15.63) nnnneo ^ nJ . 

f t = = = 0.007582 Rkips/in. 

I 5836 

f v = — = —7 — — r = 0.01 527 Rkips I in. 

A 2(32 + 0.75) 

f r = V(0.007582i?) 2 + (0.015277?) 2 = 0M705Rkips/in. 



a FIGURE 8.29 



A 

HI - 



h 



2 x W = Vi" 



32" 32" 



(b) 



2.5" 

(a) 

ran 0.01705/? = o.707w(<f>F w ) mnmmBiiRKtH R 
0.01757? = 0.707^031.5) . 7? = 489Mips 

TRRnSfilnJSfrinRtriamfiSSlirarj base metal ( fiTHWUMUJfiffititlJTJ) 

Utj U e* ni U i 

) = t(o.54F y ) = 0.5(0.54X36)- 9.72 kips /i 

Direct shear fin ftjl SOUR 



1 in. 
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489.8 



= lA&kips / in. < 9.12kips / in. 



2(32.75) 

Gt fftff: mnaruHRHnHiHmiiiHHnnn = 490kips 

• tu u vi> a 1 * 



(OK) 



Ca.e). RtinSUHH^ (Moment-Resisting Connection) 

tBlfRU beam-to-column connection Si3 beam-to-beam connection fltRtiHIS 

rmsunmiss imsutiifTiimmmHnmmstiiHiimmHtn unnimiiJtiimaHHtimiJitm uniiJmiBffi 

mntnRRi3fnn§§jtnS perfectly frictionless pin or hinge ItliBIHimtillpailJtlllHftnBniinm 

1 titsfp mnntnRRDfnnf^JHlS perfectly rigid joint ttiCUfflB 
HlSCUgfnnitaJ moment capacity lUMHtifiHmiBlHtifiHmiBtfiUJn titslSg IfflSUlSl framed Bti 
seated beam connections ItJtmJilimRtiJTJB Cs.btJ RHIBtftfilimtiS* UJWflHIBUmBHHiafiBRB 

in -xj y tu w- v w 

jiJMSra connecting angle HIS flexible [fiUjjnS 1 timUtUtnSRfiQtufingimS TJBRBlR§fiIBjtJ 
tsIsiausTta uBnuanmnsiunM luimtatfiBiBlTfiftnBiBitin 

TJ vJ O V V Liu 

AISC Specification RnflRRlIRfTltfrBStfinJttJIfiB talfiti Section A2.2, “Types of 
Comstruction.” 

Type FR - Fully Restrained (Rigid, or Continuous, Framing). I|R]r3Ui3ft3SUH1B 
moment-resistingg joint HIBltilHHtiflJtllHaRinBBUtnB ItfimHBlB8]HtifilBl*tnBHlSni 
laltfitiRimiBl* 1 |TIMBrai|Ria|RftnBR[mBltil rigid frame gBia*R[m|RftnaR[lilBltil moment 
connection 1 

Type PR - Partially Restrained (semirigid Framing) *1 tJRltifUIflStBotjl IfRltiltiElJ 
TRftnBRnnBIIlJimnBnWfnitmwmHIimBU (restraint) BIB'WfitiRimM’lHm Si3R[inlr3 1 tjTStSi 
moment restraint ftJRiSltsiSlo 20% tsl 90% Jtffd member moment capacity 1 UCmBUDJUfj 

tu A J in 

ITRia!lJniHiaRnilTUinBIB8RB1HBliafmi?fTlRITRiaSwi[TnilIirawilfRinBIUM partial joint 

U U v U xj i n x ^ 

restraint 1 PiTHf m J134 tfli3 MTHlUfiimnjinBtBHffsnR'lia HHi3-HjStU1 

Liu Li Li U i c* 

TUMBIUIRIBltU partial restraint IRjnBBlRBRBHtilBHBTHWlHtTlflJUIHainB moment 

Li a | ct ct Li m 

restraint tSltR^RtUl 1 Framed and seated beam connections SpHSlRtiTtllflSlSo 1 tflSiSlROJl 

U «x ct U u 

IlJtmtil member capacity Htsfrlti 20% TfiitnBBIRBRtilfiimimHrn 1 

<si 1 J Liu i m 



trnmrmtitf 

if- 
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BTHnHllJtllTHftnBHIliimial ntinjeuStSS inUJSSTfiltnBIRIUTlTjl shear connection ttitUHIStR 

Li ct Liu ct cu Liu 

RH1l3Tt)BfiH URHItifTlBlSlSIia tstittiEUTfiftnStJmS 1 

cu Li ^ cu 1 Liu Of 

tTfiltiUJUJtnB shear connection TRftnBnrSi3I3lnautilUMimiailJimtmifimB “frame 

Li Lju Li c* cu Li ^t. 

action’ ' I B Hjl B cjj HI S lateral stability 1 Bjjji3 (bracing) mtiIB8H1Bl{BB9{trii HTHtjl diagonal 
bracing members, shear wall, or lateral support ni|ETli3tuCUtSltj1lj 1 H H 13 1 u Elii b n H lj S n 81 tl 
( tilStSlB 8TW SiajmraB) TRlmBmfiHfifiRRtifilJRimBlMTHlUfiinnjMffM beam-to-column 

U LJ tJj Liu ct U U 

connections 1 MTH1U?SlB8 inMBRR[m9nSmitilH[mWlHtTllBHT9U9WBl3UBmtsI S13HSR 

U U ^ m eJ <ij <in 

mtiJ OJSRSSim gravity load) Si3frl moment connection tjlHmBtinJBmntotnBRimRfitifi'11 

«ij -V» G J XI G* c* 

StJStUHHtiSTCU 1 niMBraraR[mBinHtilTUin99THMlHt71 HHaUSnSSlfTlHRUlHIHIGover- 

UUU ctu Umu^j'Ni 

estimated ItlimBHinB overdesigned 1 UtBRtininjitjlllBB HHtiSTflJHIGHISRlHRG 1 TUMSTO 

c* inc* U u tJ cu u Li 

IRITtrRIintmHm Specification 91H91l9TIRlinBftlin8[mmi3ITmH: 

U no 1 u Q a Li 

1. ISIoUtiltiH ( JR) HBTRftnBTgiflimgTHtmHmRUJim fiflTfillRTgUBfigBlITlfilHlfifl 

ct Liu Li Li m Liu U dj -o 

rntatf tns i 

2. Rim BtiHtiRUJnJTRltnBmU (BH Stifbfdi) TR!HlSCUSfnnmGStjHHi381CUtnS 1 

n Liu t > c* Liu g> V £J 

3. B[U1|R!H1S inelastic rotational capacity |RU|RlBIlJtlII|R)l3fTlU USmiSfliSilHS 
{films overload l{fTlHUSjlSUSRSSlCTl Si3USRSj£U 1 

isIfitiMjltfiliB* imantninniiRR[mfii{TiingR: Rtuifiimm (simple connection) tticu 
RimBlMUnUUBRgBlRJ ( tflHHJBti lateral frame stability iuEURojgpulffi positive bracing 
system) SfciBnJIJti (rigid connection) lutbR[U101b!{H1U moment capacity nJfdgHGtj1l3 90% 1 
tmtitnsntnJEim simple connection ISlRt3 framed Sl3 seated beam connections JGtUltll utslSS 
imtiBtiTRlfilimfiBRgfitflfiigltW rigid connections! H1H13 1 

Liu n i G m n 

gmUUanGHfntiltTGslofmTU moment connection TRimBUttimiBlntilUg Ca.lTlO 1 til 

* vt> Lj U Liu in -o Ct u 

9191 mntilHHtifTlRIlBBTRlmBUmBRlHtmUBH ttfitU moment capacity RTfilmBIfffm RIU1 

u U Li Liu U* eu 1 J Liu vJ 

iBlnaiug cs.mo a utaitrinBsmss ^ itJnuBsiiJtiifnuTgBaBHiglMMiRTRimBtiiiifnmglBa 

ctU in-o Of- Li i c* Liu O Of- 

l 

MMiiBlinatiia st3TRltnsGiuus|ms1si3GmsifriJSis t tiiHmBammluBrauiBs ghtrIuis 

Liu U vJ ct cn xj U ct Liu 

HiBilimBliwgHiaraiaTMtiiitlim^TwitiHiBTRlmBtinifnniglBaMMnBiRiiiliB *i Plate 

Li u cu Liu O Of- a 

connection TRlmBRnJlBluSlfrgugWlRfiHitifilR BtiggtlJTtjBfiHJtJMBH 1 Complete penetra- 

Liu eJ cu w Li c* a 1 
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tion groove welds mnWlTJBHIBlMMJ BtiHIBItilHtrtHWBti moment capacity JtJrjfiJItJGH 1 
fnStiJHPntjTHm moment capacity JUWBHR1RI1B3 mBmHinillUMmiBUTHftnBtiW^T UJlHI 
plate connection 1 OEJltflhTfl strain hardeming full plastic moment capacity JUfiigHHIG 

THftnBuiSni9Ti3mHim:tinn) i mnnminmutmumHffiitiiitiRfiHtsiuMTBBaSHTHftnBiJR 

LfU nvj eu e» W- eu ct y U 1 Ct Uu 

IBITlIuim “backing bar” TtiftTlStmtSltm tmUHmiBHTHBmR^TRIItinimtiHMiniBTtifilW 1 
lalintuiiJtiiRiitiniriBitiitiiTRtiiR fiBaitntiiBiBlTmuitii 1 / 8/«. i ntinMBHiHBMtmunmiiJtii 

O U I) -O U Li n 

BBWtnBTRftnBmRHRRRMTHimTtfTtnM slotted bolt hole St3tEJltlfjeTUrmt3tJSTt3tTRntUi:nCUSR 

U Uu U U U Cl U vJ u 

UBmTttftnBTmjlRI HIMTUlfiBIB* ITU column stiffenders itiniHSTfilfTlitilSISllS (tmiiR 

vJ Uu u U U Uu U ct 

Ca.nl) 1 



, <=» d 

Moment connection JtlfdJtJS Ca.fTIO a RTfiltnStiinfn recommended connection design 
practice: TRUintlIBli3HM RlItilURI?RTRitnBIBIBlRaini3tiia ItlimR1IfflUUBTl3RnSlBiRlIlJlB 

A U O U Uu e» Ct u vJ u o ct 

RIItirmalinatiiaHIBRtHItslRtilti BtittimTWWRtiRIJTRRriBKT 1 

U iu U u ct Uu eJ 

hi [inti beam-to-column moment connections HfldflliflRrufb plane frame UJltllfKftjIS 
fllRlJtiUUUniBiRtilUB Ca.tTlO a IlJ[lITBBtiIBiRi3ntilUMITH1i3IlJtlIR1iriRinMHaRaHm9I13tUIBl 

uin-octu U i ct eu u n w iJ 

BtiHRIIHIUMfl 1 IBiltltllflJtllBHTRftnBflimBlBaTBBaiUMMMItiltiiatmuraMMMI (til- 

yJ ct Uu cy U i ni 

qBiuimn islRaiTHiatijuii) iRiTtjflnntiBftJnmiJirnialRmuB tf.mobi HnmBSTwuJttiH'iiBl 

ct U Uu in -o ct U UUct 

BtiHitinraiJirmBlRiaiuB &mo a mssiHsirsImmu column stiffener ttSmmmifimmsIlti 

c* in -v* ct u in u U vi c uv 



tmUBH*! 

EU ct 



IBISUtfinimuJWUmmiBiRtilUB dCTlO a tilRnilWIHtTlRUJim jWRIBTtiJTJHfflBlHBlI 

in -o ct u rn vJ 

BfRTHRHRfilaRBtfiJ 1 niMBraBHRBtili3Rincit3BRBim*lfli3MMI BtitmUBHHIBUtimnWtnR 

u u u u ct v i eu eu ct n 

RtiRIItini laiintUSJIRira backing bar 1 Three-plate connection ftinJUiJlCniSlRtilHB d.CTlO c 
HSH1S handicap IS Itlim^HlBHRTUimitiBulBHIlJniTRftnBfTlUIlJimUBTaBmatmBlRlIlJlB 1 
Flange plate Bti web plate |RftnBt|jinalRaini3^aiBlBi3WlUMMI StitntraSJtflSl§H{?iftnS 
IBISlRIIlJlB 1 iBHTtiW^TMT^tiRIIITUTUtlllBiRaRHMBH GH'lttfJfltf flange plates TgtftnBIB 

c ct eJ d ‘J U U Utj ct pi ct «✓ cj i Uu c 

IBTi3t3tili3RHMBHmiUMBHUIBTUIUltlI 3/8 in. *\ R[UlRIB8TRftriBmnrms1finU81i3IWRain[lJ 

vJ n ^ ct i n U Uu "\j eu ct 

SlBTatilHm shims, UJtU thin strip lUMIlJRII^mTRftnBiraMTHIUlRRTHiRlIfTimalTRlaRim 1 

vJ u a Uu U U Uu o U 

Shim H1B^|UinBHmRtiBI[linHril|UinBR conventional shim Sfl finger shim ttinJHIBMR 



einjiinnfiii 
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nmtmntuusTarfiftnsfnu titmtficmslrniras ti.mo d i tsini3RtJstt3cuHisRtJSjmrai3 Rtm 

U U vJ L»U U>- v in 'O Ct 5J ct yy 

itJtutJiaifmslRtiras dcno a Tfilmimmtuisimfdfd (fema, 1995) i 

in ~o cfc V Lru v ' 






(c) (d) 



gmuunli d90 BtiininfTIJEitUlSinJfj three-plate moment connect itilffiiHtimEUSlti 

in -o A v v- 

RmJmjfdTHlUfriJRfntjHilfi itin5Hisnfunmfrim aisc J5 i 

Utj u u* n U 



Qffnnmn cs.90: n tin SI three-plate moment connection J U fii ful fi 9 1 u tU til S Uttl til JU 9 Ca.fTI 9 
fJTHItifTIJRfntjGH W 21 x 50 ISlfiTrarafjfdfdi W 14 x 99 1 fdSPiGH set-back l/ 2 m. 1 fTIjlfTlEi 

Li cj- c* tu ot 

umtiuliinitriRtiniRlimtaJHHiitJsmHiitui 210 ft. -kips stiRBitifrmratitui 33 kips 1 tmiuss 

U in -o Liu d* v 1 •' ' su 1 z U <ii 

itimtinJtsnBSlStiMMitflBffiSti electrode E 10 XX SiafTUfntitJgTmsiBHtjIHffiSll bearing- 
type bolts A 325 1 A 36 1 

Btamtjtmtn: wthto web plate aUitintnfmstunRBfD rinncuTtitJSTi 3 Hi 3 FiBei 3 / 4 m. i msfitfi 
mmMmslRtiuijRHiumfi i tusfnnRBitifrifisslimrjtigTliB 

'^>-0*N.c*ni£U c3 6U V I'd 

<f>F v A b = 0 . 75 ( 48 )( 0 . 4418 ) = 15.90 kips 
QSSUSTt 3 t£ 3 CUT?ifmJ= = 2.08 

U V vJ Lru QQ 
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■ FIGURE 8.31 




rmncujtiysjti 3 [mu aanimnnimMuasliJwmHmiMijnu bearing 1 ijuRnnn stiuyitu 
ifflTtiaiRHialnaiua dmlo a wimHtinBniBfi 

Ui c* v n is- a 

, . ' 1 3 1 13 . 

16 4 16 16 

M[jnu[uiimi3!iJnna1iRji[tii3inHutiH 

t t h , r 13/16 , AA/I . 

L,. = L„ — = 1.5 = 1 .094z«. 



( "13 



2d = 2 



= 1.5m. 






tultUfiTIJ L c <2 d , bearing strength Pi 

</>R n = </>{\.2L c tF u ) = 0.75(1. 2)(l.094>(58) = 51 Mips ! bolt 



M FIGURE 8.32 



:S 





(a) 



(b) 



MjjnujtmiTHatiig 



13 



L r = s -h = 3 = 2.1 88m. > 2d 

c 16 



ftnntnn^si 
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gtnSS </>R n = (f){2AdtF u ) = 0.75(2.4)f 0(58) = lS.03tkips / bolt 

1 u Bj J Fi n [HI M "E tj flJ ■[?! f rTI J tjT ri total bearing strength IftJSti applied load: 

57. 1 It + 2(78. 30t) = 33 U t = 0.154m. 

fd{H'lijySSi3§H (beam web) t w = 0.380m. > 0.154m. 

w U <ii Liu Lj m U 1 EuJ 

AISC J5, “Connecting Elements,” 

<t>R n = 0.9Q[0.60A g F y J (AISC Equation J5-3) 



33 = 0.90[0.60(9tX36)] 
t = 0.189m. (E1JU) 

1 



titslSiffifi t = l/4m. 

V 

fdTtntjfnJRfntj shear plate IGlStifiimfdfdJ Slfl fillet weld HTmiiH'm l/4m. 1 afrlffiflimflJ 

U C^- A EU Ed 



ItamtlnJTRlfnmtlWHISRTHIfjTmfjtjIll Stri fillet weld HtimJHlR 5 /16m. msflHSTfiffTlitl 

ct Liu M- U Li Ed 1 Cl L»u 

1 ISIS 

U Ct L»u U* Cl 

0 f-l \ 

CUSfnnRl3HffiQRmyitJl3=0.707H’(^F w ) = 0.707 - ( 31 . 5 ) 

“ n ^4^ 



= 5.568 kips I in. 

nJSfnnRHIttfnfiSSlirafj base metal fi 

e» su 

t(/)F B M = 1 ( 0 . 54 ^)= ^-(0.54X36) = 4.86kips/in. (tUtl) 

til31SsyJl!l3ttlCUlflfni3rarjfilletweld 1/ 4m. fi 
33 

= 6.79m. 

4.86 

mjtanjtjTOmtsiiwTtiliHiarafjdssmijTRtjTRis mstiisFsIifiTfiftsmfiJtis'iti nriffiTfilfnsHSIfi 

Ct U 1 8 <ii U Li 1 Cl v Lru O Liu 1 Cl 

tslstss 1 

ssliHdmjHimfjusiitlRmijTRfijisRndfinmjntrimiiitiHitiJislTtjlimH i tismtlcuTRl 

Ed <in Liu ty Li 1 Lru 

tnsTs cmRRHGH) Rtnssfdtjmn ^iSiGHiffiislT^mHirifnmRijnmHRTHffTintirj aisc 

Li Li a cuJ u */■ Li 1 Liu 

Table J3.4 1 sheared edge GfnffitSlyjtilfiHHfijmHIfi lj/ 4 in. 1 

tilHffiSti beam setback 1/2/m StiGHItmslTtitilfiH 1 VAn. timti05ijlSfil3iniiSlfii3raS 

u v Ui / Z, v in ^3 u 

ca.cnli] b gsiarafjdssitlRR 
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0.5 + 2(l.5) = 3.5m. ffimJSSttiRSTTI 3 X x X 
fdfH'm flange plates, StidSSitlR 1 HJtJS dCllCTl 



B FIGURE 8.33 ** 

a 

d 

't 

^ 

H 



M = Hd 






_ M _ 210(12) _ 



H = — 



121.0 kips 



d 20.83 

finrTCUTiatJSTti A325 Htififafi 3/4 in. 1( t£3nCUrin JtJSTt3Ht3eiB?i 3/4m. TRf tnStrSfjfjfJfdTHnU 

eJ^vJ n is- TjvJnw- Lru u u 

shear connection dmSgtE5i3eirmCUTi3St/ltjSTl3t3ljPn ) 1 TtJMSraRH1l3fTl?iSSl3t!gTl3nJtJ QSStJ 

v E-J TJvJyctU ru V vJ 1 u V 

gjl3it3nj|Hlfnm 

, . 1 3 1 13 . 

It = d H = — l = — in. 

16 4 16 16 

T t h 13/16 . 

L r = L„ = 1.5 = 1.094m. 

2 2 

2d = 2(3/4) = 1.5m. 

lultllfiTlJ L c <2d , bearing strength Pi 



(j)R n = </>{l.2L c tF u ) = 0.75(1. 2Xl. 094>(5 8) = 51 Altkips / bolt 

edyHiupitmmtajmsjfi 

L c = s -h = 3- — = 2.min.>2d 
c 16 

ttotss t/)R n =</>(2AdtF u ) = 0J5(2Ai^\t(58) = 18.30tkips/bolt 

tflR total bearing strength applied load: 

2(57.1 If )+ 6(78.30f) = 121.0 U t = 0.207m. 

Flange plate SHldnJSld^f tflSPTCinSTCjn tension connecting elements 1 

(ratsiiutjitisiit3RHrajl3RHil3fi3l3fimjlira mjRfntjojHmffitusItjmiMJfnnmaHrj) i 

u eu n u>- vino. 



frn/iffmflfi 

if- 



345 



IT . Chinn ] 




HUTiIsjictirafjiuiafiBcu 



NPIC 



0.90 F y 0.90 F 0.90(36) 



121 '° =3.735 in. 2 



inaanimKHSmnHUJUIHIIlJWIRffTlIMIjnURaimtJmiTJiallW gross S13 net area 1 n AISC 
Equation J5-1, 

<tR n = 0.90(A g F y ) 

A g i£3EU{jnfmi = ^ Rn H 

H AISC Equation J5-2, 
c/>R n =0.75 A n F u 
A n i£3CU|R!fTIJ = 



<tK 



H 



12L0 =0.782 in. 2 



0.75F i( 0.75F U 0.75(58) 

tmmmaggiaiuMUBHiJn w p = 6.5m. (ifiiglgtiggiaimumwnH) i nnjiHRTHiMBitnBiBHT 

eJ <ii ,5 tuc* U eJ 

UinniHIHfmi requirement 1 

A„ = 6. 5t = 3.735m. 2 U t = 0.575m. 

<5 ^ 

net area 



n tw n t(rVg X d j lo i e ) t 



( 



6.5-2 



v8y 



= 4.750t 



ffiR 4.750f = 2.782m. tl t = 0.586m. (CUE) 

'oi 1 

RTHIMRTRfntfliamiJtligiHgilMTHIU bearing 

tna 1 fiTIRCUJiltJSo 6^x5^ 1 tJSiiSgtjl tension connecting element y tatSS net area JUfjflHS 
HiQtiSrjn o. 85 A g tsintifnjemnsi (aisc J5.2): 



An _ 



6.5-2| 1 - 
8y 



= 2.969 in: 



0.85A = 0.85(0.625X6.5) = 3.453m. 2 > 2.969m 2 (OK) 



ffifflJSi 6 X x /) 



ItiRraMTRgnititmuraMnHBiaTRftnBtnRtltillJimtminiltJTltilUMUgTa Stt moment capacity 

ct u vJ <2< ni c* L»u Li tj vJ 1 J 

{Rftnsfnmjsra aisc bio HgmRRiiRiRUBmiB«3i59jit?itinBlintii 



0-75 F u Af n >0.90 F y Af g 



(AISC Equation B10-1) 



mEU Af g = gross flange area 

= b f ■ t f = 6.530(0.535)= 3.494m. 2 
A f n = net flange area 
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= tf(b f -T.d h )= 0.535 






6.530-2 



v<v 



ifrltUtfU AISC Equation B10-1 IffitiSSCUtilS 



2.557 in 2 



0.75 F u A fn = 0.75(58)(2.557) = 1 1 1.2 kips 

0.9 F y A fg =0.9(36)(3.494) = 113. 2kips > 111. 2kips 



lulffifiJIJ AISC Equation B 10-1 HBTRUTmB flexural RITHf[miItUTR9nititmUTUM9mn 

1 Li Li w Lrjj Li vJ ^ nj Li 

(effective flange area) 

Ai 



_5 

lfe 6 F y fn 



^1(2.557)= 3.433m 2 



(AISC Equation B10-3) 



actual gross flange are 3.494m. 2 uhtSS flexural strength iulffi 



WWKriTUflimilJtllUiJirTlialnaiUB tf.mcJ ( fiTBlfTlJ column stiffener SflTRltnsnijlJtUmslRfl 

a I Cl Lfl c* V Liu Lry ct 

fan tj.nl)* 




%” 4 > A325 bolts 
E70XX electrodes 




JUS d.cnci raili™i5fiwmifijnu bevel groove weld, tSiraqutalgtasMnu beam flange plate-to-column connection 



mintrmthi 
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Ca.Ct Column Stiffeners and other Reinforcement 

HHtimmpBiflwtnaitiingHtglMMnalRaHimlatnBBiHtitii couple itiwtajisjmtfim 
RHittsim BtinHiaMamiJtiitnBigintiwiuiuMnH *i miHBinantnaBnjitiiiJtiitnBmHninB 

su-Nitun c*ru ct incui tu 

mHffllfTlinTStiMMn RH1ttmttiS§HlSSfi3lti1 

U Uuw- V u dj -o t u 

tiauttirmslntfras ca.me^ tiiHmstaHiummmutiRmrjamStiJumsntnamrmsiriirjj it?im 

Uin-sactu win 1 c* uv Eli ~o 

MinBiatrmHiiJtmimBmnaMaH i 

cu Li ty cu n 

RHiamafiiTniumBigiT9BaMMitiiHmBaRtnaMamiJtiitnBiTtri*tsiRtiiaiflimtiiii 

cu Lru iy Lj 1 u cu n Li ct 

stability problem 1 RtntimiTlIBlBltiIWinB‘lBlBtmUMMI ( JUS Ca.mGi c) UJUJtnStraBmJlBH 

J 1 cu -o cu v n & 

iBliwminmuiiJimtiniiBtmuMMnBlwiuBHi nnnBirafariTSti (stiffener) 

iy xJ cu nic*Li U U U ' in-o 

fnsniSufiiiijfijfijj i tlRtnsimniffiiiiRrifj stiffener rnitnBtinifnuiBlBaTBBa starmu ^ turns 

U cu V -O EJ Lru lj cy Li 1 cu U 

raHHtiitlCUHSlRHSfalfjiJJSfiJitll stiffener ttintSUSEUStf RHIttfdtiR (stiffener BltitTfflH) BS 

v i n cu n cu n U 

tnJfnifnitifinB *i 



AISC Specification Requirements 

fqHfmilUM AISC MIpiumitl^SatBBaMMItRftnBnjuriUIBiRa Chapter K, “strength 
Design Considerations.” 1 mitiw9jtB*nnnBllWfTlflmmiJim|BMIlJtlItni 

tnBimraiBm^TTRiBatiiBtiniraMfniriitmBi raMarauBmHmiiiHBfRaliJtiiTRitnBitiiuJim 

Li &J Liu c> Li d* i lfl Lru d* 

mU§H tJ flange plate Rfrlti design strength <f>R n M|H1fl|RtjmSfflnR[lhRl£3nJtnsnaiJ[UnS1l3 
Hfii IBlSIRtniinqU stiffener 1 

iBHTttitMfia local bending failure JUWM1TJMWI RHIflSimnfiTItJRHflltiglRHSTR! 

E-J U CU EU-OEUCt Lru 

titiltt 



4Rn = S 25t f F yf) 



(AISC Equation Kl-1) 



UJtll <j> = 0.90 



t f = rudmiummiummi 

F y f =yield stress JflfdMItJfdfdJ 

Ed^HIUhJlSfnnnnflfirarj local web yielding ItifitifSnlJMtiR 
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</>R n =</>[& + N ) F y W t w \ 



(AISC Equaton Kl-2) 







<!>Rn =</>[(2.5k + N)F yw t w \ 



(AISC Equation Kl-3) 



ttitlJ <j> = 1.0 

k = fillet ttinitaltniTBSii 

On m Lj Li ] 

N = raiiaiUMUaRHaiRB= RTHlMIUMWinnH U flange plate 

U djin U 

F yw = yield stress J!Jfj‘[SSi3fi3fi3J 
t w = RpiMIUM|9BaMMI 

tmflmfU AISC Eqution Kl-2 Sfl Kl-3 in Section 5.13 iuHjHiflfl web yielding ISlRtigHtUtU 
ItiTJBRBB[IJlB , l 

l 

iBHTRmruweb crippling ia1mtu!iJtiiuaRMi3RTRftnBumBi9l!RwiuHm tiamamon 

Ed 1 1 ° n L»u uv eu u v <=* 

MMI81tiI|RillJniinBmU^HmgHlRH1i3 design strength 

I^mMHR1IHmRtiBI[linHMHR1I&lt3ItRlH 1 (imtiRmmnBtljunun web crippling ISlflfl web 
crippling ti.Sfll) IBlinWllJnraaRtRitnBHaiRIBlBHimtffli3RB d/2 nBtiJTJMMMJ 




(AISC Equation Kl-4) 



ttitlJ (f) = 0.75 



d = RHMMimUMWWI 



n l 



TTIMBrauaRTRftnBHBfRialBaiUMMMI 

U * uu l n l 




M|jnu —< 0.2 

d 



(AISC Equation Kl-5b) 



ti 




(AISC Equation Kl-5b) 



mimnnBei 
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RH1tifi3i3fi backling JUMT9BtiTfiftnBHti3fiIBltnnJUJnraBRTfiftnBHmBI9lH’raMMJ 

tun ^UiUy n Lru u- oj 

SlUHI 1 UBmUUIB8Bl3IRRH1BIBlMMIBll3ni3tilHmBtinH!lJtlIfnniBiMMI91i3MaBli3 *1 Design 

<* «=* u Ct CJ- 

strength MflnumBmRRnJlfilBH? 



raMBiuminmuiBlimiBtiraMMNi (uJnjTuwBitiuBRTfiitnBHBifiiBlBmm dn n 

U cy W ] U dj L*u 1 n tv 

Qi3) aisc Equation ki - 8 RiTRitnBRiRUBmmRnnnitin 

1 n ‘J 1 U Lru n 

BRnHJUJimWltiU uJmmtiRmnBItnBMnnU column stiffener tRTRjTRRnSRTriJlSfnnn 

awn U Lm Uu U 

[lilRUgB81i3I|fnH: 

1. Local flang bending (AISC Equation Kl-1) 

2. Load web yielding (AISC Equation Kl-2 or Kl-3) 

3. Web crippling URtntiMtiR buckling JUfdTSSti 1 C TUMBItJRHitiMtiRTRftnBHBiR 
igllWMiniRHm WtnJlRRfiBRJ web crippling [AISC Equation Kl-4 U Kl-5] 1 fUMBtURtnlJ 
rdtiR[RjfnSHSjR10ilWfiJltJgiv3nJ tR^Rf^RRriSRJ compressive buckling JUfdjUSiJ [AISC 
Equation Kl-8]) 1 



" h 

t£3CU (j) = 0.90 



4100 

<pR n = <P : 



(AISC Equation Kl-8) 



h = RHfdTSSr3fdfdiniBr3njfd fillet tSltfjUlUfd fillet ( JUS Ca.tlle)) 

n U i v 



■ FIGURE 8.36 







t b (flange or plate) 
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jTifisifl stiffener tuEUfjnffnntjltD AISC Equation Kl-2 local web yielding, 

stiffener gtssimffmn Risfitritninassnjtns design 
strength ulsflnjjnOpiflnJfij stiffener A st UjEU yield 1 utslSiCI AISC Equation Kl-2 1 
</> R n =</>[{5k + N)F yw t W ^ St Fyst J 



ttiEU F yst tin yield stress HIM stiffener 1 tllf1§jHa81i3MirafjfiJHiTinSiiMSl3tJSRHS!RSitlCU 

fdHicuitJmi p bf A st msscutns 

_ P hf I <f> - {5k + N)F yw t w 



P b f ( 5k + t b )F yw t w 

= — r (8.6) 

Fyst 

iltiEU ^ = 1.0 Stt U flange plate 1 MHffll ri.e> 

nSrij local buckling yielding strength JUMMAin A st |TIMBIU98tlItnBtligtitlI 

Hltims inaaHBTHifTU stiffener fdTHlUfiTISfnniSSIS 1 

U* Lru U *>- 

tUMBIUintnfmi stifferner AISC Kl-9 

• BBtiJUM stiffener URSi3RTmMmfiR[UTltUraMT8Si3MfiJnfiJGtjli3mMSi3HmfnRUtS 

V Lj n U i Lnj -v* ^ u 

SBtiJurjrinuStJ tr flange plate ttjfuumsfi 'mtitsi rariif unme cJ.mril 

b + h^L^hc titttSS 

2 3” 32 

• RTHlfjnifj stiffener EflflglflTflllflflfllflmMSflmRRtUllCURTHIfiirafjfmiJGH U 

U LfU -VA ^ n U fu c* 



flange plate fl 
f b 



t St — 



tiwiaju99iaiwRtjnMtHi!H 



b_ K 250 



( SIR IS) 



b 95 

( SIR US) 



F y t 5t iFy 



IflljnlfTlJ Full-depth stiffener Ed[H3UnJ[in compression buckling U i St n H S till d cjj I {U 
half-depth stiffener M|jnnfmBfTirin[mmti}tiI9jH 1 gBIB*IR|nffni full-depth stiffener IKtSl 
inWIlJniBHTRftnBfTlUI8lBi3MMI91i3Mi391i3 1 

Ct Lru UV 



ijcwainfiei 
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■ FIGURE 8.37 





MTHimmjfmsfnnnnjiRmtiHfj miMWtsnamitini stiffener muigiwiunnm 

U U *N. ct \J M- (U 

iwiunsiuiBiairmH: 

S3 U 

• ISliSsititoitiRHItiSini IRTRitifll stiffener fTlUiglatiTBBti StifiTIU 1 

cu -o L»u O t > U 1 cu 

• iSliWSltitoitiRHItifiJtifi stiffener TmBIRTHffTlII^mHUaatmUIHmilin* IRIRRH1B 

cu n Lj L»u nj i run 

tinifimuifflBawim 

vJ u* m 

Part 3 of the Manual, “Column Design,” HlBRtHltiltotRitnBIJjUtilHinatoinBIB 



R1IRnilRRlIBltnBM|jnU stiffener 1 Rin|U|pMIUMfl|RftnBU^miBiRl3qmini[in!lJtlIinBIBl 
Ri3 “General Notes” tRHBTRftnBUinnilBlBIBMB 1 



Rtnt3fnRtSlfit3TgataMMI Shear in the Column Web 

CU <=t U 1 

RlIltiIHHti!lJllIinBRIHBI9lMMIinBUlSRRl3TRil3RB1l3R1RBIBlRl3TBBaMMnBlRi3Tlil 

* D cu n 1 Li cu ctUi ct Li 

UJBJUWRim 1 gmuunli RUS ABCD IBlfitilUB &CTld 1 intuss IRIUllRTJBIBStil panel zone 1 

V CU 1 

Net moment TRftnSRR lJBIB8TUMBraBHTRftnBRfTlUiglTtia9ii3Mi3Bli3IUMMMI titUtlfinti- 

Lry y U ot Lru UV U| y 

R[i7iRIBHH6niSR web shear tSS 1 

v n 

TnMBraRHiatmnBHTRftnBMBR^TIBHirilBlBHim 0.95 d h nm to d h tilRHfjtSH ISlifiHIti 

U cu cu «=* L»U ^ c* L/C* U ri c* cu 

cu w Liu 

H _ M \ +M 2 
0.95 djj 

TUMBIUfitntiRlRWMnBllRTI panel til V„ ItliminBBMltiltiBTJiJirn RBItifTlRSStifiJra 

U cu e-J A rf u U1 "nj cu l 



tslnfci panel R 

P = H~V U 



Mi + M 2 y 
0.95 d b 1 



( 8 . 7 ) 
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Web shear strength fgtftnB§]ISlfiti AISC K1.7 til </>R v lltiEU ^ = 0.90 Until R v tl 

hsrhs ifflBananmHHRjiginaMMmalintiifiJtii p u <0.4 p y 

R v = 0.60 F y d c t w (AISC Equation Kl-9) 

islintiiuJni p u >0.4 p y . 



iticu 



R v = 0.60 Fyd c t w 



1.4- 









P u = UBfimHHfiJtSlntiMMI 

Py = axial yield strength Jllfjftifiil= AF y 



(ASIC Equation Kl-10) 



a = inapitiHSfnniuMMMi iflimiHumtumt3i|R}an^Sa c qmuimn, doubler plates) 
d r = si/ifdfiJi?nHsriiGHfijra 

C ct 1 

Fy - yield stress JUfjfSSllfJfiiJ 



B FIGURE 8.38 



M, 





pMBIUtBBtiHHIinB shear strength HB|HU|fnB IHtttfnjSafl 1 tRHlQt^U double plate 
IlJWH1BRTmMraUTmBlBHTtimfTlUiglBl3TBBa U diagonal stiffener HtllRH namiHBfmn 

UUU e-JO uv Li 1 -va u V ^ in 

IfpSlfU stiffener til 13 1 



ttnnsmtitf 

if- 
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AISC K1.7 RtnBtiWBfMHfTinBmi^inni?lJtl«Hritni[linci frame stabality ttitUJHtJmCU 

n v w J u if- 

manuiti|gti|mmraM panel zone i fiHBtnitnBnjtinuialBiasiB t 



gmwm tf.99: R [in si tin R Rttfll S g Sltn Jtlil tf.00 join'll stiffener UR column web reinforce- 
ment i raseitTi v u = o sa p H /p y = 0.4 i 
tfrmsgU 7 m:n%giinm ri.®o flange force inftnBmmMaa 



P^y = H = 121.0 kips 

jJnRHSRJ local flange bending tilHUISi) AISC Equation Kl-1: 

<fiP„ = <t > ( 6 - 25t f F yf) 

= 0.90|6.25(0.780) 2 (36)]= 123fe>s > 121A/>.s (OK) 
jRRHSRJ local web yielding tflUtUSti AISC Equation Kl-2: 

</)R n = </>[{5k + N)F t w \ 



= 1.0 



5(1.438)+- 



(36X0.485) = I36kips > \2\kips (OK) 



[RRHSRj web crippling tjlHCUSti AISC Equation Kl-4: 



</>R n =^135t( 



1 + 3 



f 

\d j 



f V-5 



= 0.75(135)(0.485) 2 



J 



1 + 3 



I F yw l f 



5/8 



0.485 

0.780 



\i-5 



36(0.780) 

0.485 



,14.16yv 

= 1 93 kips >12 1 kips (OK) 

WSflETIRHBTnifTU column stiffener IS 1 

at 

MtinuRHiafnHBBamiilntiTBBtiMMi nronfru 8.7 BauJimitntunrHiMiuM shim tal 

Li m ofc Li ] Li 

niamimUlBim d h RHItiRlRSSmURthnslRti column web panel zone R 

Ct EU 1 ot r 



p = 



-v„ 



(m 1 + m 2 ) 

0.95 djj 

210(12) 



; — 0 = 120 kips 



0.95[20.83 + 2(5/8)] 
itfltUfim P u = 0 APy IfU AISC Equation Kl-9: 

R v =0.60F y d c t w =0.60(36X14. 16X0.485) = m.3kips 
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Design strength Pi 

<j)R v = 0.90(l48.3) = 134^5 >120 kips (OK) 

GWtU : rnHSTfiimi column web reinforcement IS 1 

tu Liu 



qgmnmfi tf.9b: JUS dCTld UttlCTltl beam-to-column connection ItJtmtilHHittHHim 
U2 ft -kips i HHmsgmmsjm^imrmjusRssimtii stimtin tmfmtinp;fis A36 sa 
electrode £70 1 UntafTliHliilfi colum stiffener SUnTHi fill web panel-zone reinforcement 1 

v o n Up a 

raSFital V u = 0 St3 P u <0.4 P y 1 

Btaimitmtn: flange force U 

M _ 142(12) 



P bf = 



d b -t b 17.90-0.525 



= 98.07 kips 



iuBjjjn h'nSciJ flange bending t?n|U AISC Equation Kl-1: 
4 K =</>(e.25rF yf ) 



= 0.90 



(N.G.) 



i[6.25(0.560) 2 (36)J= 63.50 kips < 9%. 01 kips 
ytnSi infgtffTlI stiffener iuBjrnjniJ loacla flange bending 1 

luHJjlndnSPiJ local web yielding imfUPdHmT 8>6 tjSrd§jmil{U AISC Equation Kl-2: 

F bf ~ (^ "*■ tb )^y w t w 



A St ' 



yst 



= 98.07 - [5(l .062)+0.525](36)(0.36) = ^ 

36 

UfimwiI A„ ItfHlS tiBIBMRTttffni stiffener HtllfmtiEUUlS combined cross-sectional area 

‘H UV u Lru u u 

ffiiaBij 0.623 in?- ^ 

{RfinSfij web crippling strength AISC Equation Kl-4: 

f V- 5 ' 

M 

1 + 3 



</)R n =^135 ty 



f 

yd J 



C 



v f /y 



I Fy W t f 



= 0.75(l35)(0.36) 2 



1 + 3 



0.525 



A 



0.360 

0.560 



1.5 



36(0.560) 

0.360 



8.25 

= \01 Skips >9%. 01 kips (OK) 

tmiphiurdstfl stiffener lultllOlinWfORgtlhluW^tU^Jloltll AISC Section Kl-9, 

luimumuHmRrniTRRriasiTTRanitiHsmRliJtiiBBtiitnai 

<21 Liu Liu eJ Li vJ <£» ] u 



trnnsmfifi 
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H FIGURE 8*39 




d b = 17.90" 



L W18x 40 beam 
A36 steel 
E70XX electrodes 
M = 142 ft- kips 



t w = 0.360 



• -ir 



tf= 0.560" 



b { = 8.07" 




b b = 6.015" 



t b = 0.525" 



SSt3HUjUJH1R 

* a */_£. = M15_ 0J60 = 1 825i .„ 
3 2 3 2 



TUMSramHSHSmifi^raSIffi stiffener iglUlWTTjtilTJWMlTJWWI 9St3HBuiH1R 

U i m ,J tu %) U i tu 



^8.07 -0.360 



RIHlMHUJUIirm 
t b _ 0.525 
2 “ 2 

tmnwja 3x5/16: 



= 0.2625 in. 



A st - 3 



16 



x 2stiffeners = 1.875m. 2 > 0.6236 m 2 (OK) 



Viuy 



tnnriBnjtiWinjU99t3IIUR|jnM (width-thickness ratio) 



A = ^_ =9 . 6 

t st 5/16 
95 95 



F v V36 



= 15.8 > 9.6 (OK) 
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ufimrmifnminmuiBstnBfntnti tJBiB«nHarnimi full-depth stiffeners ibi iJbib* 

W- 3 1) Liu a U 

— = = 4.125 in. tiJR 4 }/.in. 

2 2 / 2 

mSm : nmtiRsui 3x5/16x4 2tissi (mHrauTtiaiRia&ii3ni3iuMUB8iiJmBHTititM 

fitj tjtutmR lalrniamBiaiiJtiiftnn BtiTgBtiraMMMitjtjm i mniBuitfimH 45° mthiusiti 

Lieu cu Li ) u ct Lj i Li 

5 /8m. ) 1 

RanSlSRUSnjfJTHlUfmj stiffener t Si TSStiFJFd? 

U u>- Li 1 

o o 3 O. 

SU1HUJUJH1 = —in. (AISC Table J2.4, 

16 ' 

ginmtnBMTHiunMMtin 

Li 1 Cl 



w = - 



force resisted by stiffener 



0.707 L(</>F W ) 

HfilHRlJ 8.6 RHiailJtllTnfgUUJim stiffener R 

cu Liu 

A st^yst ~ ^bf ~ (pk + tfo )Fy W t w 

= 98.07 - [5(1. 062)+ 0.525 136)(0.360) - 22.45 kips 
ralititairiBtirilfnu stiffener lSlSi3TSSl3fiJfi3JR 

U \J M- Li 1 



L = 



w = 



4.5-- 



8. 

22.45 



x2sidsx2stiffeners = 15.5m. (IHtUJtlS Ca.C^O ) 



3 . 



, T = 0.0650m. < — in. SUIHUTUIHI 

0.707(15.5X31.5) 16 d 



nMMtiRtntiR'lHJTJM base metal R 



1 Cl cu 



</>R n = tj)F BM t = 0.54 F y t st = 0.54(36) — = 6.075 kips tin. 



16. 



BtJ WMMtiBRnBfllBitnB ( M|jnu stiffener Hffi) =0.0650(0.707X31.5X2) 

= 2.09 kips tin. < 6.075 kips /in. (OK) 



GWtU: tUR filler weld 3/ 16m. 1 



finJlBIBRUBniMltfimU stiffener ISlsRfiJItJfiJfiJJ 

O w- cu 

SlflHUJUJHI = Un. (AISC Table J2.4, II^mnBnWR|jnMMltl) 



^ ill 

tUSRinSRtJSJlJRti li/I. = 0.707 - (31.5) = 5.538kips/ 

7 v4y 

<0.54 Fyt st =0.6075 kips I in. 



in. 



(OK) 



mimnnSa 
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|uiiaiiJwinBM|jnn=f3--l(2X2)=9.5i/i. 

v 8 J 



gUltjltnBMTHIUWMMtin 

U i n 

force resisted by stiffener 



w = ■ 



0.707 L(0F w ) 



22.45 _ in ,. 1 . 

7 77 r = 0. 106777. < — 7/7. 

0.707(9.5X31.5) 4 



■ FIGURE 8*40 4W 

-< — >- 



r 





rnffm: um miet weld i/4m. i (HHtiHafnaiiJtiiiRmfffauJimuBngmm mimttiEiJHsmB 

Oi V 1 r> vJ a, -o 

mgMUJlHBinBtnB EftttSStRHIBtflR stiffener mUIBiai3WlUMMI ttitll stiffener ISSSUfiJlUttl 

r> i n v w- eu eu 

miMiaRraMBHiflimHatntnBtini ulaniimiBSHatnBatinmiaigiBJiB) i 

n <=t i n 

TnnnaRTTgBaMMiMTHiuRHiafTiHgga *i nrdHfm 8.7 

Lnj eJ U 1 U Eu 

p ... (Mi+M 2 ) y ... 142(12) 



- — 0 = 100. 2kips 



0.954 “ 0.95(17.90) 

H AISC Equation Kl-9 

R v =0.60F y d c t w =0.60(36)(8.25X0.360) = 64.15fo>5 
Design strength R 



(j)R v = 0.90(64.15)= 51.14kips < I00.5kips 9EIE1 Iff Rti 
AISC Equation ^HjJRR[Hlfd|SSl3ttltU|RJlR1J 1 itflSjfiTimm t w itflffiRtlllRIRffiR 
BtifriRinauJim <j) 

t w = required doubler plate thickness 



= 0.625-0.360 = 0.265/77. 

fiTIREUjti t d =5/16/77. 1 SRRSJ1J[R!H1SStJ1§j|RlmSl3UMMi3Rml3Rim3R[H1fdB1fni3 
JUfj doubler plate 1 EUR 
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< / >F BM t d -0.707 w((pF w ) 

tl 0-5 4 (36)(0.2 65) = 0 2 3 1 ,. n 

0.707 (^%) 0.707(31.5) 

tllR w = l/4m. 



n aisc J2.2b, guismisjiramjJH'm 

1 5 11. 

t r i = = in. 

d 16 16 6 4 



(OK) 



BtfftlJ? double plate 5/16 in. S 13 fillet weld 1/4/n 



diagonal stiffener 

tTU full-depth horizontal stiffeners tiBTJl3irms1nl3JTJB ( TmBtfltfitjflM) 1 

U A v LT1 ay u 




RH1l3mfiSSt3lStlJSm^ltU web reinforcement H 100.2-57.74 = 42.46fc/ps 1 TtJWSrafitrii3 

nj 1 Lj m 

iBSTHitnanntiiRUMtiRinafnHHmiiJR p tsl na stiffener 

Utj 1 7J cu \J ct 



P cos 0 = 42A6kips 



tt3cu 0 = tan 



-1 



A 

d) 



p = 



\dc j 



42.46 



= tan 



-1 



17.90 

8.25 



65.26 c 



tan(65.26°) 



= 101.5 kips 



ran = </A st F y = 0.9 A st (36) = 101.5kips 

USltlHR 



^ St 



1015 3. nin. 7 



0.9(36) 

IJTJ stiffener HJ. 3x9/16 lSlfdl381t3|SSl3 



trtwsmStr 
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A st 2(3)[ — = 3.38m. > 3.13m. (OK) 



|R?inSf1jt3ClJmjtJSS)3tSR|H1fj (width-thickness ratrio): 

(OK) 



— = -^- = 5.3 <-P= = 15-8 
t st 9/16 V36 



HimaigRUBfll 1 JUlitiJTJM diagonal stiffener SHU19R 



d r 



8.25 

§(65.26° ) 



= 19.7m. 



cos 9 cos(i 

|UMarain^na 1 lWlti 9 it 3 Mt 3 &lt 3 IUM stiffener IBl*tUlitigRTJBflJR 
L = 19.7(4) = 78.8m. 

atn 9 rubji n a wtn rib w {Him 1 S mtaH 

= 0.058m. 



101.5 



w = - 



0.101 L((/>F w ) 0.707(78.8X31.5)' 

IfUStflHUjUlHI l/4m. (AISC Table J2.4) 

iihmimi9in!iJwtjitnBMT^WMMtiinamHRB tmasamamHthtiJSfnnmamnTusRsrinStiJ 

U in cu v n e» c* Li vJ 

HStJlUfn 1 n AISC J2.2b 

ct 

rmJtiHmmm=4w = 4f-l = i.0m. mafiHarRiHBtiia i.5m. ci.sm.tuu) 

U e«J a in Uj u 1 

v 4 7 



tusfnn ai3RtiiimuMTRHi39RUBJiiuan 

d Ul O u 

4(0.707 )wL(</>F w ) = 4(0.70701(1 .5X3 1.5) = 



33.41 kips 



0 , 0 . 101 5 

wgmnuJnnntnBRti tin. = — - = 5 . 152 kips 1 in. 
" 7 19.7 

0,0. 3341 

RtinRUJUIBlTSlBIUMgRUBni = = 6.48m. 

J 5.152 



shear capacity of base metal = 0.54 F v t w = 0.54(36)(0.360) = l.OOkips/in. 

„ ( 1 4 

tlI9fliniUM9RUBJU =0.101w((/)F w ) = 0.707 - (31.5) 

v4y/ 

= 5.51kips/in. < l.OOkips/in. (OK) 

wfetfiragRUBmHatiiuHi i/4m.xi XmJSthHiaRtiJiRnHtmsiHm 61 /i.RRrmRi laliwiti 

•r Li O ct / z u u %J & 

diagonal stiffener 1 

tiBtatnBUmcnrma tRBmHITTJdiagonal stiffener tflti doubler plate mSblTHIUthmUl: 

V in-Nii Li 1 i n Lj a 

IMlJRBIRRIIRirafltilHmaaHSRlRMMIB 1 RtHnnJRHtjlHGJBti doubler plate Si3 stiffener S113 

d IS- U Li U 1 tu^>u A 
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HMH1t3Bi3n!aHmHiragi9llWMfTll:MTinUMMIH8fTlHt3 , l 

o. tu U U 1 



cJ.cS. End Plate Connection 

End plate connection til beam-to-column Si3 beam-to-beam connection iuEUB'lSffli 

inmstUH iiEmmftnsmnuOTUfnanmnnnjiitbsrdJtinssi 9£&o nmns i ras d6lQ uttunn 

■vj Liu U n Oct eu V U1 -o 

end plate connection Hipifisli: fitUlfiriHCTI URnfliatRfiHItifTlfi (Type PR construction) St3 
fianla UfilUlSUBHti (Type FR construction) 1 Rigid connection RffiftnBtUll HjntatSjfitsI 
extended end plate connection 1 USg^mStb[RftnS%Unims1 

BiatsaiuMnHTflftnBtjiumuiglBaMMi uGHtt3ncutJSTi3 1 finfliBSTfifmiuaTtifiBtjitmfifTiu 

1 ct Lru M- "vx ct y vJ Liu U vJ w- 

wnnuflimM’iHm inrnfmRBHBniJiRnafnnnSTtnBtiimm: flexible trutribuShtiS 

U m Liu ni ct e» e UU e-J c* 

9t5 H HI SHJfl cut si Sltitstt 1 IfijnBBBtlJtnB flexibility tss niMBIUUBJIlJRHlBgtnntj 

bdinjjjlfiG fully restrained 1 Manual of Steel Construction, in Part 9, 
“Simple Shear Connections,” tpsInflBItsl RJjnMtfifMRIBlBIB'l* 1/4/n. Sfl 3/8 in. ItJljj 
SSCUtilS flexibility 1 ItimB* JTJM Manual RUflimnifnCUffUtlfittUlSI BtiEIBltimifitajHtnB 
reaction capacities M|jnUUB}tilIpBlBUB*!lJR SflUSjfl 1 

fTIJSUinSl moment-resisting end plate connections ]^!fflJfflJR[lhflR|H1fjtJSo StflSR 
usm sflmjchHflntjgTflfliiSH i mmnflsinsmjsm MgfmflmrasfRssf traditional 

O U vj O U vj 1 6~i U 

1 l 

analysis procedures 1 UIB fflJfitUlSI RpnMUBSRnnnwnigtiWraMrnimWliS Sfl statistical 
research (Krishnamuthy, 1978) 1 itiRiafnifflfTlinMHimRinBITmsfilR ilUBTtilBlftiRJtifnJ 
Ml3RH1BBigtilHRIRnR[m9nBlTRtiHRn TtJMSraHlSHHflfdflglfl IRTHfRUilBlltiRiami 

n ct O iJ L> vJ Li V Uu ct 

s'lmmttfdtis'itf ilflsisIflsiflnmH: 

“X5 U Cl 

1. RimRRHiaiBlnawiuiarniBirTiiuMnH 

EU ct cu -vj ct 

2. tiprdurdysjfllSmoitnQtBHjsustijsflnHimsg sfl?nyHjti!i^jHiscuR[ui:Mmys 
intUBtiMimtiR'lIfflCTl 1 TtIMBraHHtiMRIBlMl381ti IRTRilSmiRlltUlJtimiBlltiiltin 
itimiwtiRuJi *i usTflmJlRHisQssraurmstBmsustijsflflfriflfrifissfl^tiJfnsHfl 

n U vJ Liu u U Li E»J eu 

RtJJRRHgH 1 



mimnnBe; 
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Rigid — moment resisting 



3. tsinamtiniuMMinnH Baua«iJmiJtma1imnnfnitii tee-shape uJnjitiuBfimmitinj 

1 ct ni ct eJ c <* -o 

HaimffliwrgBaiuMfi tiButtimialniaiuB tf.Gtm 

1 Cl Li 1 V LT1 -si ct V 

4 . nfjfdUfdssia atifinnwiuMM'iu tee lasiBHTuinmnTHfmi flexural titimstilii 

Li Li tu Ed -o Liu y ct 

PTEU1S1 tee hanger ( IHEUlllJn ri.Ca) 1 

5. TnnnaflTfimammBlnauBsitifn 

Liu U tu ct 

1 

6. fflmB'lBfiTJBJin 

Manual of Steel Construction (Volume II), U^mBSim|MH[mmtiiHHtilHmal3qgi- 
Uimmalna Part 10, “Fully Restrained (FR) Moment Connection” lift ciTI ]TiJ ri ti fil J F [Ifl SI J U fd 

JiTMiiJttimaaHfiJwtnantunuBiaitihiJiminarnrfRMTHtiis* intus«mui1fitsi split-tee 

U ij ct cs» U Liu tu tu A 

method (Krishnamurthy, 1978) 1 HUJUJSMm HtjUTlSB 4 M|jnumiH[maiHHtinmalRaua* 
ttifi 1 Traditional analysis RnUETltlJBlti prying forces it3CUtnSSffi1tmslRl3tgRS fl.Ca 1 fdjWd 
^BRimamntmjBtjjB frm^MHMyaja aantjmMuasiiJRHaHitMmaaminBfiinjnti prying 

i i 

action 19 1 fTlIHimBIHHtinimntiifTlIMRp statistical analysis of finite element itiEUHISfTli 

ntmmflimmn5mftmiB i tjtmBflutiiBlfiiftBimTwnimBifi HimamtntiiBlfitirmu tsmioim 

UJ- c y ct Li o eu ct eu x> 

JTJMBtn 

ct 
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Mt^ 



-Fi 



- 1 (Load line) 
Point of inflection 



ustohr imiSMnMU9Ti3i3HtBuai3Rinti9iiTiia* 

UyvJw su-o U WjJe 

MiHTBintuatJtmuiarriiffirnraMnHi iRTHimaHU9Ti3tmi3RtifinglTRtitmuii3fniMi3HMTinu 

i u lJ m -o <=t Uu «n. v vJ u m n u 

RTHiRlimWTUfiRHBH 1 BBaU9Ta!lJniTRiRin3lffgngWaaraRRHnHai3ElDnt3 shear capacity 

l itj Li ~i> ct u u vJ Liu E-J Li •a ct 1 J 

m slip-critical capacity JUraUSJti taintMmatipifigraMRm JUMBIUfiimtil bearing- 
type IRTRiTRRriBRTIfaiRHiaR91l3RlR BtiRtriti91[TlIBlRtin9Tin IRHBfntnBIBRIIHiaRia* 

J 1 Uu Uu eJci^su w -o ct u td o n 

hi(tnu clip-critcal connection 1 

HH^HRUnnialRa split -tee smRRHIStalTRti “load line”, H8R1R 1-1 itiUJTJiJUTlial 
RtiJTJ9 Ca.tJfTl R 

Ct u 



itnntrmtttf 

if- 
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M t = F x s 

ttitlJ Ft = RHItiRIRSSti = — 

“ 2 

5 - GHItUH load line IBlBIUlB JTJH = — 

~ ' 2 

p e = pf -0.25 dt, - 0.707 w 

nras ca.tscn. p f tfiBtnmMRiuBTtitBlMiuBH itiwtfisisItwstiHtiRBRugTti d h +i/2in. 
iuim w tjisirismjsjij i imurl p f tiiQHimyeja (bolt distance) itiim p e friGHimysjti 
yjMSfnn (effective bolt distance tJ effective span) 1 BHti M t ftiWfnftnButaltfimiHHnJl 
a m tBHjsstutnsHHiayjMSfnn M eu 
M eu ~ M t 

a m = C a C b (Af / A w } 13 (Pe / db) 11 4 

c„ = BBBitsrfiJtiimnBaiglaatiiniiniiuMMHiniuMuaTa stitissttlR 

C b =^]bf/bp 
bf = BBtimMWlTJBH 

J £U 



b p = SSDrarj end plate [Krishnamurthy (1978) tnBfnJlBrtBfBBtitJJMBfiinHRmtn 
bf+2w + t p luCU t p tjlRynrjmrj end plate 1 Manual IimmBBtitjimMti 
HRtliHl b f +1 in.] 

A f = TRBTlltafmUBH 

J U vJ di (U Gt 

A w = tnBpltilBBi3BHIlJtlIlBlBim* fillet 

bbbitSi c n tiiHBnHalnaatummiiuMMHii: luimrnftnBiitu^inniaMTinuBnniHtSiR 

w w 1 8 n Liu lJ Li ot 

BlSllUM structural steel SD UBTtiHMfiJtjSM 1 fTl ni31 SSTRf til SBtfl Hit SlRti Table 10-1 ISlRti 

v v vJ i n n Liu in c* g* 

Part 10 IS Manual 1 Table 10-2 fjjBiHtH A f I A w M|jnuiuni 3 g HlfltUtHitnBI|tJtilBIBl 1 tsl 
intuflJniinmmBlHHia M eu JBIuim IRHlGtilRflllijliySti design strength IBlMRBtiJnBIR 
RTHiMUBsuJRHnmin t„ ItJthBitnQ i MTHnuHsrnHBKifnnjiinaiiJtiiifnaiBtuBaHmHB 
(minor axis) ISIS design strength R 
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h M n = p = </>b ZF y = 0-90 



(, 2 

b D t 

P Preq 



mggwtnsRTuifjussitiR 

tJ V 1 U Li <*, 



0.90 



(, 2 ) 

b„t 

P P pre 



Fy = M eu 



tiBIBS t 



4 M t 



Prec i V 0.90b p F y 



IHintifTlUtmUiafTlIffimiUMnHIBlaauasilJmiJim full penetration groove weld UR 

U- CU -vs cfe A -Vi 



ttfim filler weld ftiwtiningtnmimumiaHtih ninaiBlniatmumtiHMTRftnBuiSmaiitiiitiR 

vJ d 1 -vs CU CU c* CU LlU r~l Ct 

JURIJSim 1 IHmtimT9Bi3IBlltiWinmj1HmBti fillet welds ^CUU13CUSfnnSUStUSl3TURRHUH 1 

-O U Lj ] <ii 8 u & u v»ct 

inrniiminBiimwminji![mmuiaH&ii3iTmHiBHTmri[TifniMaHMTinuHaiRBflSR[mBiBiaiti} , i 

Liu v u Ed -o -* u i n 7 J 

1. miJtmtifi Si3lltiR§H{filUlS yield stress fjtsRlR F y 



2. HtifiBfiUgTti d h HBTRlBtjlti 1 ] /. in. = 38mm 

3. U9Tl3TR!lRJl3RlJSinilJlCUlR1Jn?riH AISC Table J3.1 1 

V id Liu -V* 

4 . QHiturtitimHumTmnrisRmTmuitu 1 V,d h uiaHaniHBtiia 1 V,d h 

zs Li i euJ u (u u / U l ei u v / L u 



mtnm Cf.9m: fflUlBI end plate connection fdTUlUUH !T18x35 1 H[miB8TStftnBHJ9fnrmia 

^ 1 Li ot Liu d c* 

1 

RimmSHHmHRtin 1 73 ft - kips StiRHItiRIRggmHfian 34 kips 1 tTTJttifi A36 , electrode 

M- v 1 '* 1 CU 1 1 U 

E10XX Sl3 slip-critical bolts A325 1 



fitnrmrrmtn: nuiariJiuR 

U CU CU 

P _ M u _ 173(12) 

uf d-t f 17.7-0.425 



\20. Ikips 



imnniTau9Ti3nitiiiiJwni3HmtiiHiBnimiuia1tmuBii3iw aaugTanirmmalMiuBiairm tutu 

Ed u "W 1i ofc w u Li cu UvJLi CU Li 

1 1 1 

U91i391l3HfjulSTfnHUlTR1U1 Design strength Jt3RU1l39iniriJTUlUU9Tl3HUJTR1UR 

UvJ Li u Li c O cu -vj U u u Li 



</>R n = 0.75(90 )A b 

iuimTn9nitiH8fTiniiJnitntnBMTHiuu9TtiHmR 

u u a | Li y id u 



Au — 



Required tf>R n 

0.75(90) ” 0.75(90) 



120.2/4 ...... 2 

= 0.445m. 



mimnnBe; 



365 



\T.CI,lnir\ 




mmlsjimmfjiuiiawltij 



NPIC 



mum : nuusta A325 Hamlfi i/sin. c A h = o.60i3m 2 > 

m U 7 j vJ n i5- u 

mmt5RniiRRmamRHBtJJHit^cu|st£3iffiR[innfTijntrimni slip-critical strength mrjygjia 

1 

atiniStiHISmHRtstflti shear strength) 1 fi3THlljtigTl3TtnHffiTfntj 

</>R str = 13 juT m N b N s ) = 1.0(1. 13)(0.33X39)(6Xl)= %1.3kips > 34 kips (OK) 

(mHsBtiRTtnrjrafjfintjrijriJj it^tumHssisrintuRTHirjrarj end plate timssmHsmtimfni 

Li CU PI Li 1 v o 

man bearing strength tBlinnjiB*tnBig i ms iBlinniiiJniinuigmiJnitHiHmufinaHM 
{jnlfnSRhnSl ISIommtipnRnSRJ bearing strength) 1 lEjltUhnjflfjl slip-critical connection 

imsmHgrnfmi THnnsTHBiRHiBrnnamn gamnagimig i 

Liu Lnj [In'* ri cu -o 

gwoj : nuusTtartfiHtu iflnraBTRftnBnntuMiHrgmintuBaMiuiafriigirTi gacmgfRMfitgl 

or U V vJ Li 1) 1) L»u U 1 Li ct U cu 'O lJo- 

rniatmniafniMaR i 

Li cu n 

fdjjmo flange weld {UlftfltiWmtitaJlJtnSfi 



L = 2b f +2t f -t w = 2(6.0)+ 2(0.425)- 0.30 = 12.55m. 

girignuBjiiiiJtii|Hffnin 



w = - 



W 



120.2 



= 0.4301m. 



0.707 L(</>F W ) 0.707(12.55X31.5) 
igisu^iRHBgiBimtiintjnMinM end plate mtfim nsmsnusjimujmmttlwtnsn aisc 
Table J2.4 HBUJUHStfia 5/16m. titsISS 0.43m. ttinjTfifmiMTinmiMMljaaHlBRtHGtiia 1 

V Lru Li in cu 

GWta: IIP fillet weld 7 / 1 6 in. 



Minuend plate. GJR 



Pf=d b 



+ - = 0.875 + 0.500 = 1.375m. 
2 



p e = Pf -0.25 d b -0.707 w 



f 

= 1.375 -0.25(0.875)- 0.707 

v 



1_ ^ 

16y 



M|jnuggauB«iJR. tun 



0.8470m. 



bq = bf + 1 = 6.00 + 1 = 7.00m. 



TimUHR 



M t =F lS = 




y 

A 



2 J 



f 120.2 



Y 0.8470^ 

A 2 j 



25.45 in. -kips 



C a =1.36 (Table 10-1, Part 10 of the Manula) 
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Cfc = M- = 



A 4 



6.00 

TOO 



= 0.9258 



= 0.504 (Table 10-2, Part 10 of the Manual) 

-T... 



cc m C a Cp 



\ 114 



\f 

A 

v rt H>y 



P_e 

) 



= 1.36(0. 9258)(0.504) 1/3 (0. 8470/0. 875) 1/4 = 0.9939 
M eu =a m M t =0.9939(25.45)= 25.29 in. -kips 

= 0.668m. 



4M« 



p.90 b p F y 

mffar: mnn^HWiissiuri 3/4m. 



I 4(25.29) , 

'0.90(7.00X36) 



Krishnamurthy (1978) R 



7 n ^ 



b f + 2w + tp— 6.00 + 2 



Vl 6 y 



-- = 7.62m. >7.00 (OK) 
4 



F, = 



= 60. 1/rz/zs 



TRnnBHTmnamni RtntiRiRiBlfiauBsuJRR 

l_nj eJ m fu ct &> 

P u f _ 120.2 

xr - ^r 

H AISC J5, nfi3h3t3RH1t3fnfiFi (shear strength) £1 

<j)R n =0.90(0.60A g F y )= 0.90(0.60n x 036) = 102k/ps >60. lkips (OK) 

iBmSSClJtnS shear strength IUMT9BtitiBm nWMijgRUBnifaWBItnB (BRUBJliriltilllJniial 

u 0 U i u ct | n O rJ u 



fJtHtiTSSti) R 

3 U 1 

AV„ __ 103 
d 17.7 
BingRUBJlIIlJtlltRfRlI 
5.819/2 

w = 



= 5.819 kips! in. 



= 0.131m. 



0.707(31.5) 

RniiR9tngRUBni?tJratntnBiBHTgngtiiBi3RiiriRialRi3TgBi3 , i laimtuiiJtiiHHtinRiBRimtiiH 

e-J ct U i v c? v 

HiStflMB RtiTflltilBlRtiTgBtilWBti yield stress F v ItlimnBRRi3HmilRRini!il3inMgRUBniR 

GU eH 1 Ll C* Lj 1 N't. J y <£n c t w n u 

<f>b[F y xt w x l)= 0.90(36)(0.300) = 9.120kips /in. 

UBRRi 3 Hmi]RRmiMgRnariiHmtiiR 9.72/2 = 4.86 kips /in. itfimgtngRUBniiiJtiiTRfRiiR 

& <=* u n rJ u u * OLru 



einjnrmthi 
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w = — 4,8 , 6 ° , =0.21 82 in. >0.13 1 in. 

0.707(31.5) 

si/igmisjimtJjmtnB 1 / 4 in. (Aisc Table J2.4, 1 

BtfftlJ: ITU fillet weld 1/4/n. ( mJPTCUlS1TfiftnSfJtt3tJtSini3JtJS ti.&d) 

tv Li 8 c* V 



FIGURE 8,44 



W 




V_ 

2 " 3 " 2 " 

• • 

• tr* 



Column Web Stiffener Consideration 

tnUlSn AISC Equation Kl-2 ttiUJfniETU web yeilding raMMMJIBlTJtinnJl beam-to- 

column connection end plates i MHmna8nnDnwminniiHRi3|tni3iaiiwH8 

fnniuMT9Ba!iJnraiSm9Ti3iiJimRTmMraMfi Baralia t h +5k titmtiirmslnrnus bi 

IRBtiBBWtnBTfiBmtilfrjlti IBlinWttJnmBfiTnftnBTJE71BfTlHim: end plate 1 TUMBraiRRHBR 
USJ1J beam flange-to-plate Bl3UBR|RftnBMBmBmiJimti|jntlI l:imHim:UBMtiR 
UJWItiUBfiBtitMBtifa + 2w + 2f^ +5 k ^ (Hendrick 

and Murray, 1984) Hi 5k HIBtRftnBtjBMltflHJ 6k !lJWtiWniBtinnBlRl3MHmiBll3ItmHM|jnn 
yielding strength JUfd^SSU: 

(/)R n = ^[(6 k + t b + 2w + 2 t p F yw t w )\ 
ttitlJ w = sirismisju 
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tCUfiintSo in jjjuiofOJHitlEin local flange bending ning web stability (web crippling TJ 
compression buckling) 1 Part 10 of the Manual HISlfTICUfTlJnJlttinSinfTljB?! local flange 
bending 1 

m FIGURE 8.45 



d.£. tMBRfijftflB (Concluding Remarks) 

lalntiimiaMannaitiJfnimmm samrlfnRnusTa sasnusnnrastiia connection 

ct n V vJ Li 

fitting tititjl framing angle Sk3 beam seats 1 fjiamnjitillpa bearing IBlRti 

ati base metal. aaMTinuRHiafnmaintJHimiflimBRUBni atiinaiafmnTRU 

U vJ Li tu c* i) Lj 

THiainMiiMMSiuMitiRmaia* *i uiaintus* iRTfiiRiiffltifiRHitiRitraiBH , i islincusiisf?! ir 

Li in <=t l n cu L/u niu <>• eu U 

TRlbninjamn direct tensiion StiHHiinfi 1 

Lry V 

Flexibility raMRnR^RIinfflininSMBiaHmiBjR 1 rd(inu shear connection (simple 
framing), uiRuJnjmuTRitnB flexible murms^mHsnTiR§TRMlmnmHmnjurjRfnt3 1 ms 

07 7 ct w- L m Li Li eJ i m Cl Li euin 

RnnpifiB FR (rigid connections) RrfsUi3|RU|ma!lJniHlSwiUMHaRIlJWtRftnBmUH1BIR|l 
BiRtHHuraim i 

V EU Ed 

finRiajTHiaiRiniimtiRiiHimBiRimialRtiiTR^auSiiJRiRmnjn* ufimHatnBBnnmwHR 

v Li ct U iJ m i run 

i i 

hmimbribi Blodgett (1966) R^ijifinnRinaSinBpiraitiaiiJwaraimtiiHRnRimiflimtijin 
imsttafiTRftnBttnsnHmmBBiHB iR^tiwBiRiiiimBfiiiJwinarairaitiatiiiiBa i titim 

L»u l n 7 j n n v Li U v ^ 

Detailing for Stell Construction (AISC, 1983) ^|UmmiJWinatlRinailJtlIinBHRfTIItITltiB 
wnnuHRRnjiBi BtiHRWHRRURfi'iu i 

Li ct ct 03 



(a) 




ttnntnntitf 

if- 
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IX. t^iaugwtnM 

i 

Composite Construction 

d.®. tfiJBfittaH (Introduction) 

Cl Cl 

iflmrtna 

UJm UUei n ci vJ n U U 

11 i 

atitufiiainnth uiiBBTUifiB i tratatrij 

i ,J m m U U (Ti OvJ n -v* U U UUin 

MmMfnJtnBnjunutBlRti AISC Chapter I, “Composite Members.” 1 

tSHfdHIM (composite beam) jnBHlBIIBBBTHij 1 BHMHIMnfluiaTRftnBBIRUtiURtira 

c* 1 ' UUct v L»u n c* 

i 

fitiSmjtannitsImams d.® ai ft^titTHMHmiBlinnitiJniinTRifTiifnimnTt^aufliiJRciinti 

i v in -o ct v U u L»u U u in eu 

(fireproofing) IUimHnnUlRHmiBtRmRH1BRRnR1JBnJJHJUfihJWMi3raRtiIBlRimWMi3JUW 

x A v iwlJ v u l ci i c* in 

Shi sitncuutsmstss ttiHiB'JSfriimnnaliJtiiHiBtiinniiiiMiJRti stisHSTfmcu iJbibmrrthbir 

ct is. E-J c* CU 8 CT is- cy l_l 1) Ll 

1 

uaunt^aufliiJnnaraHaiBtmB i nRHiasstutns composite behavior uJimfnuSHitiRiBlBti 

n U U ci ct i lJ i) A w-ct 

i i 

RtHitiiranaiiJtiifiTBiiJtiiiSSTttinBiiannSmitiiHmmi islmamnsmuicu umnsSutu ttiR 

Li i Li e» c* e» u ot ot Li c3 Li l_i cJ V ot 

lUMRTHltUSnmSHtritilHmaaSHIlJRlSHTUlSRtilSHMHlMIlJtllHlB rolled steel shape UJUJIBl 
ntwtmuaiaiwtiiftntnuRa < ras d.® b) i 

eu cu 1 V 

R1IlSR1IIHtniB8H1B|H^RIBltnB|HMBraiRRlimiR1IIH[lIRlHBMIlJR (horizontal 
slippage) ifiaiiRjauSmtinn mmmftjmsstns |UMBiuRHii3RiRRiHBMtiJRiBl|R6ttim 

i 

TRftnBRIimniJimiTR^aMTHIUmHllJnnR^ntlfflStil shear connectors 1 IRttiWTHIUmUIBSJnB 

Utj Li U Li ty U Li uv 

til headed studs, spiral reinforcing steel Ufj'llufinti channel shape nii [lit j fcl 3 jin f tflS tijl J 
RlHIBlBatmUHiaiWIUMIlJRSHIBlRlHRtlllRRimR tSHTtiWBfRlItinifTlUtiltllRniinHRIBtiRlH 

ty EU ct EdciWVJW-8 

im:BnmalRi3raRia!lJtini3Hi ( JUS d.® O 1 Stud tflTUIfiB shear connector UJUJIRaHJHITUtjlti 

ot l y Li Li 

IR IRJnBITUfllWMnHmiSHIBlTRtiBHilaiRHm THMBIUtmuSHHlBBtriBtlJimTRHTRlB (flffl 

Li y Li uLi nj c* y Li Li 

TMHiai3RtlIlRHBt7TlRIlJtlIHlBBtITimiBlRi3R§18[m d.d) 1 HnnuiRHmtamninrTiBmHJUM 

Li i no ct a V l u -o 

shear stud RfnniJimTMtlIRi3Rllfiiml3raMfl 1 

Li u ot vJ 

IRTRfRIIBBB shear connector TRHTRlBlBHTlS^TBHIBltilSHMHlMintTlItlllTl (fully 

Uy u Li U EJc^^Jct ct v J 

composite beam) 1 QSS shear conncter IlJtlIRBtili3R|HfRlIBl3lS9jIRRHlBfnniH[lI8*lfli3 
I|tj}i3Ufl!lJR SHraRa SHtUUIBMRfijItlinsffl gHWHlMltfimit|R (partially composite) 1 
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Partially composite beam (toCUtjIfilMllHISfiSnCUtjlil fully composite beam) IJnlfpSUfiljiTIffi 

tslmmans dnh 



m FIGURE 9.1 





(c) 



!^!3tJ§MH1MlSlRl3HfnJfTim|pS|RffnsmSmgjl3^1tlJR|H1tUtJlR (stell deck) iticmf 

tjinHfiJTHimiJ?n3RTtncu itPffiTRltnsHstfilijisffimijninfTiffiinnjraRlfjtiHi i mmcmtiRmsCU 

1 n U i l_i Lru Lry -o U l U U 

jmsiRianMfiJiirarjRTHinj imffilaHstnsntnjtunnfTimnfisiRTHicuiJlmsIsisiis i mmmm 

U ct | n u Lj Li 

RTHlCUltlRtamtlCUJSRHlSSMimi mMUStiSMrafdtiB 1 lSlRt3TtinSRTHlCUGH?ri JSmRi3imRi3 

Li ct y M u ct ct Li eJ Li V 

iSlSt3GHRTH1CU nMlMmsIStiimtiEUTSfl 1 mtaril Shear stud fnms1St3GHttlR?riH1jiS1SJSR 

ct Li Li Li ct IU 7 J 

titnsifiEirmnjfj stud mHmnpiffiGHTRlwsRtuimtliffiQsstafirafjjsfii ras dla ufrimn 

v n ct Uy u v v in 

RTHlCU80nitlCUmB?iiSli3itllffiRTH1CUltlmtlCUJSmfil3iSlSl3GH1 

u a n vJ u v ct 

MIS highway fnm|pSltlClJi|U§Httlfitj1§HMirifd 



ftfijimtiMmM 
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Hianinim:iMlJRtiMTHinM[m6inmn imSTJfrimHimTU rolled steel beam UJWinBJtJnaRB 

8 n u U V V 

HissHsrrmmtjimslRan^auardHirdmEJitiJ n HmmmitfsrafjliTRltnsmmjsmitfim 

is Lj a U u Cl «n.Lj Lru cv 

fiTURtHmsmS shear connector 1 ISISdtflffiltitimSsmtflffi RHRTmmitfSnymsfmflfdflH'l'S 

m v U xJ U 

i rammimimtlEunfitfitt immmntlimflfjlistifimfltt 

‘ J U U tn Lie* y 

(conventional noncomposite construction) 1 



M FIGURE 9.2 



h—T-T—i 



ni 3 Tfni 3 SH 9 TIMt 3 ts 1 fit 3 GHEiJH 1 M Elastic Stresses in Compostie Beams 

isisutii design strength luwgHMinM^BiglnDnwwnsimialmitnRmiJim Rfmtutlj 
BanrrmSfnitiiHmaauamnmi (service load) mBimi:MmBMtjnuHnnuiHtiiipa i imnain 
inmiHianmniJiuraMitj^anflitfnHHitiiuM service load itritmainaninJiss design strength 

i i 

nimnwMiBfnnnimnia yield Sytf i 

iRmBRimainatmaiafninn (flexural stress) aafiatmtiitimimn (shearing stress) tsi 



RflRHJtJfj homogeneous material HJtiHS 

c* ct v g-, 

a-t _ ta 

ms UJimwiinHMmMHalHBtil homogeneous material timSSmHSmmssmSStin 

iBmHimraraHsmmsstns inrnJmniiaHSfTiHiuMraHa^nBltiiHSfnmiJR i Ibajitajib* 

w U V n Lry i 1 U 1 Lj n 

RTHl§| strain mrdlEJmSthtnsmlmSTflnraflflHISfimSQEnSfl strain lUMIlJnnKTtnmJ 1 ITJB 

1-171 U vJ 1 CU 71 06 U71 

d.m UlnmnnnjnRinMBHMHIMtilHmBaiJnTrnH stress Stt strain 1 njWBttJfinnnJSim 

LT1 -o ct u U u Li Li 3 

IRltnSffltjffilflCUlSlSfl rolled steel shape ISIS strain TnJlRHIBnaiJBHIlJtlltnBUUim t^CUTfidU 

U 71 w- h ± U 71 v c? in -o U 



islsfl small displacement theory ftiUJtnBBraiHJTsl H8fTinilJtlIH1Btlimm:iltaiMHBintlIIl3fni 
nmBilninntiinnjirwtuiMiTmraintiiiafTiinRi ms mrnrmmRflrmfliJitiJRtintrdHiHiTfi 

0 8 i_| ct Li in Li 1 Li 8 Li 
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(linear stress distribution) ttlnJtnSUl3iniH1SSffiiRi3im8GHS1l3gi1ffi[imitlCUT?i!tnSfi3Sfitritj1 

x IT) ~0 ct vJ l_JU v* 

homogeneous material 1 3tll3 IRTRfRTH^T strain IBlRarafitiTfitiTfitraimBmaHtifrWBti strain 

V Lru UV ct ] U Li l «t> 

ISlRtiltiRtjSWlSlTRtjtindtslSIi 

c* U Li i 

fc _ fs 



Sti 



U 



fs = ~fc = n fc 



E c E s 



(9.1) 



ititu e c = HgtuiHajiMBiuMiuRa 

E 

n = — = tifUrGjUH^CU 
E c 

AISC 12.2 9jHgtlIlH9pMBIUMraRa* 

E c=w 1 c 5 J7\ (US) 

E c = w c' 5 (l -3 ‘ 10 -3 \[f\; (SI) 
ttitii w c = SHSin^rarjraRH 

/V = iiMMtiiamiManiuMraRaiBl 28111 

J c 1 n n 1 

SHS normal-weight concrete HlSfUH|tJltriCU 145/Z?//t 3 =2320 kglnr’ 
IfijnBURTMlHJMHRlI 9.1 tiBSItitTRlH: IRTfifRinUfiti n in 2 iBmSUStUStiRHItitiBRI 

U V Ll LlJJ 1 Ed EU v ct 

itiEtfltiR 1 in. 2 mastims 1 lBHTRnilRTR9riltiIUM!lJR!lJtlIBl3gugtiiBi3RHil3lJBRlIlJtliraRl3inB 

Ed U vJ di EU TJ c* 1 

mins ifiTfiiiBRTRgmtirafitiitfim n t Hisstutii^srj A r ttfira A r /n i nigtinjtoggnjtnB 

C Lru Li vJ tin \ %) L L u 

(transformed area) *1 



RBiiiiinHSRiRMinMiiJtmiiJifTiislRaing &.& a c RiifflmRggtitmnnjwgmn b tsi 

1 Ul *\) ct u eu Li e» 

l 

innjitlnjRHtjiiilRrafjransRTHitusl3iansiisl8il3H8) i iBmmwtiTRgmtirafiti a c §ns1tii 

|R9J1lti!ljR tmti^iftBRflSti n llR^1ffi|fdCUmR|RliijRSSl31£3lffi n lTJlffiJRj1R{H1fj§jlSl 
tittitu 1 RlIIBlJBIBSIRggtlltnB homogeneous steel section tiBUiJUTlfiiaiUg d&> 1 luHTRlUlSI 

RtitRia imatHfiRgRiaHRirijiRiuMiunaMinM tt^ffiRtihsiHHiisticufTiniJicuTfilRi i ustohr 

1 U Liu O U U Liu g* 

IffiRHlRRhllSI bending stresses tilHffiSti flexural formula 1 1BllgRBiaitBUtiRIUMMIIMIlJR 



* The ACI Building Code (ACI, 1995) E c = w l c 5 (33\[ff Bfitfl psi tJ E c = w*' 5 (0.043)Jff Bfitil 

2 

N / mm 
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W FIGURE 9.3 




Strain 




Stress 

(for transformed section) 



fst = 



My t 



1 tr 



iBlitingiaumHutiniuMiiJR 

ct Ll ] 

My b 



fsb = ■ 



1 tr 



tt3tu M = HHi3HfiHS!RS 

V 1 61 

f, t = HHt3SQtUfnntKtUHniMfi (SQPnSt3HRiSm^SHSmrd homogeneous section) 
y t = tsmmtiHmimmsIitinBiiaitiratiHiuMiiJR 

•' l is ij ct l 

inHiBRimnRariniaiaiRtiraHafTiHJSiJtim ssiscuststu 

1 U Ct 1 y ct 1 61 d 

RlttsRSti n (IHWMHR1J 9.1) tiBIBMRtnB 

V V 

My 



RtHHRtmniTJM f r = 

OJ C. 



nl 



tr 



tticu y tiiBHirariHRinnRiBiBfliasMutiRiuMiuRai 

-'is \J n i ] 

fiiimiRiiHnjiBiiBSBiBBmMTinulRHHianRJtiinB ^ninHiardamsImmcuumsuRHs 

U y w- eu n U 

RRIJMMiaJtiRlimrmTJMITJRti 1 



$mtnmiid.9: irRMHiMBraRnsImuimtuR A36msni3 wi6x36tiiHmBtiRTtntmufiti 

* ct u ij vJ u Li | 

RTHIfd 5 in. StiSSti 87in. IBinBltilWBH 1 IJMMljmMItJRtiR f' r = 4000psi 1 ntUlPini3T?nt3 

Li ct 1 Cl ] « L * 1 Li 

HRtmnisIfiaitiR BiaraRaiiJtmRRrlHHtinRJtiinB 160 ft -klips i 

ct i y ur ,/ i 
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M FIGURE 9.4 




bln 





^ — ■ -> 










y 

V M 


r 


P 


; 

1 


' cA 


— i 



(b) 



fitarmihntn: e 



w;r 77V - 145 1 ' 5 4a = 3495 ksi 



1.5 

C rv C 



E s 29000 g 3 
E c 3495 



EUR « = 8 



^irarmnRHsnjmgnMijmrjraR^iRtHmuriRTmuicu timssiraumuffiRmH n tiimuRU 

V T vJ <3, 1 £U U U v tu su 

ttriffilisa^rasIfTinfjmRTRTjTRis i titnss 

n v i U U U v 

- = — = 10.88 in. 
n 8 



JUS 6s.Ec UiJimn transformed section 1 



■ FIGURE 9.5 





10.88" 






y 

' 


L 




i 


‘5" 


<y<\ 


P 1 


15.86" 


, 

fb 

\ 


l 

, 


> — , 1 



X 36 




sitiinratinmwnTtntin mmimmmftnBNiauiBlntimnti JtutuuuitunsffiiigrjutaRjurj 

i U Lru a <=* <is n l 



R[Ultms1S|U^SHSR 

£Ay _ 273.1 
- V_ I A ”65.00 



4.202m. 



uJimHBlRTBMngHmtMu BaiflimntutiimnaiBfniHimBiiBlRtisnna d.to irausstutnsHHti 

inUntJU U <=* u v 

SUtUffinJUfj transformed section n 



riffjmtinimm 
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I tr =1526 in . 4 

fitirmtiiBlgmtiSMUtimuMltifin 

i u n 1 



y t = y — t = 4.202 - 5.00 = -0.7980 in. 
to t tiiRunMiuftintmtu 



f _My t 

J St J 

L tr 

mnia d.® 


_(l60xl2Xo.7980)_ loofai 

1526 


(itiRiimm) 

■Vi 










A 


y 




Ay 


raRH 

i 




54.40 


2.50 




136.0 


W16x36 




10.6 


12.93 




137.1 






65.00 






273.1 


mnia d.ta® 




A 


.7 


/ 


d 


I + Ad 2 


ranti 


54.40 


2.50 


113.3 


1.702 


270.9 




10.6 


12.93 


448 


8.728 


1255 


W16x36 






















1525.9 



(smasrjutiRmrjlSnMmsInsimTmHHmMfi timas tfiRtiTRifficn) 

n l *>- U +J y ^ Jt l u m 

RiatmaialBmaitmHutiRiuMiiJn: 



yh -t + d-y- 5 + 15.86-4.202 = 16.66 in. 

% = MM = 2UW ammm 

I tr 1526 

narmaialgmasMutiRiuMiuMraRan 

i U n i l 

jQ = (160x12X4.202) 
c nl tr 8x1526 

niMaiuiRMamuniaHaHiBnMMSgufnimiTi tsismmSmMmsInnmHHmMRHsmftnsmn 

U i i n "nj i ^ u vJ L»u 

HRRRI9 1 lS1snl3GJmHl[?irarj transformed section 8Mfint3ni[mH1|Rl3HIlJtlItnBMBR 1 loHj 
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gscutnscustatufjTRR iRTnfinmiHimmgmaHRiiuimaTa^niii^mnDnwntitiiimHiTRSiB* i 

U a i Li Liu c \J xJ -va U vt 

tEintifriHJtJs de> sa?nrU3 dm imaHitsn[mmgmaSraMHmrijiHiJti&ii3iTmH: 

V ^ v u 

-_ ZAy _ 5.44y 2 +137.1 
ZA 10.88^ + 10.6 

v(l0.88v + 10.6)= 5.44 ? 2 + 137. 1 

5.44j + 10.6y-137.1 = 0 

y =4. 140 in. 

HHtiatiwmnraMmariitiMinMiiJnnniaTiiJtTiiBsn 

U u u c ~o 

I tr =^(10.88)(4.140) 3 + 448 + 10.6(12. 93-4. 140) 2 = 1524m. 4 



FIGURE 9.6 




10 . 88 " 

-< >- 




y 



15.86" 



'' 



mnia dm 





A 


y 


Ay 


raRii 

i 


10.88v 


yl 2 


<N 
1 ^ 

in 


W16x36 


10.6 


12.93 


137.1 



iuimna|mi3R 

’ /n Jl60xl2X5-4.140) = L()8b . (!iJm!gl(T1) 



fsb 



1524 

(160x12X5 + 15.86-4.140) _ 
1524 



2i.i ksi (liamiffirri) 



fc = 



(160x12X4.140) 

8(1524) 



= 0.652 ksi 



fnnsmmjlilimjlfnEisiianjmijiirimtns immmmtmmsfnaHmimmsralfTiHSHisTmtiritisisi 

1 ct O vJ Li 
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firr^zcr.* ntarrntiHBtjjmtsIniat^nH nt3T?nt3Ji3fn?mm ham luimnarinaHnunnialnaiu 

tv 1 Lj ct ] U ~o l Li ct 

RtiTHimtiRlIWtiR 0.652 ksi 1 

i i U n 



UMMi 39 tiat 3 fTlJCiri Flexural strength 

IBlnamimtillpB IRBtiBBWtnB nomial flecural strength IBiltltllllJtllHSmmiJnmtJ 
hcu yield itjimraRtiraRithmrmiRtritiMiaR i miraaiBRnarmaiiJwTRJmiBliWHSfnHMinM 

V J 1 m n i U Uu c* i 

IRJtnBIRItnitsl Rll!uaiBl3Rl3|maiJ)Mti (plastic stress distribution) 1 AISC Specification fj]BJ 
design strength rd(H1UHHl3nfiltiH1SlJl </> b M n UJnjfRJtnBRMRtiBSItilUnH: 

1. fd|H1tiram3i£3tUtnS compact web (h/t w < 640/ M|jnUUS U 
h/t w <1680/^7 MIHIUSI) tHRIimiMMti <f> b = 0.85 tt^EU M n {RlfilSSSCUn plastic stress 
distribution 1 



2. M^mmuntitauiB noncompact web ( h/t w > 640/^F^ Mfjnu US B 
h/t w > 1680 /jFy M|jnu SI) (/) h = 0.9 tuim M„ {Rltrissscun elastic stress distribution ttJCU 
$fR13ti yilding flytiJUMltiR 1 

IurU3mt3HM?lJtlIH1BIBlRl3HintiIUM Manual til compact web tiBIBMRTfiJtTUHJRSim 

V <=* A vUuLias 

BHRIMTBlURUUJlSTMimBHMBlM IWRlHItitR built-up steel shapes 1 IBlRatjElRIBSimti 

W U Lict 1 1 ct y 

BBnmtR compact shape BttUTlS 1 

tsItnnjitlnjGHMHiMtsItlojfirisfTinRanfitnMij iRratiiBRRtiTflitifliHlBHmRtithnjnH 

ct f\ IU <ii 1 Li u ct 

Icmtiwumrmslnmus dnh Ri3Tffii3raRi3TR!fnstJi3initjiRi3T?ni3riJi3finTi3iffiiM o.85 f' 

IfltiiuBimriBHiasMutiRiuMRTHitmgifiiriiiJtiiinBRBtiia mMstimmfjmmcufbnn mjrati 

m ni U v -v* -/t. U U i 

IBRIB8R Whitney equivalent stress distribution !lJ[lIRl3TfliatiUTRjRial3Rl3Tfl1l3tininMRlllUl3 
IBRRl3[ml3riR|tnRlJ (ACI, 1995)1 JUS a uainjriRliraaiBRIlJtlltRJinBa full tensil 
yielding ITJWltiR Bl3Rl3|inl3MaRIlJltIIlgRIUMraRl3 tilHffiStiffRj[Ul?itfMt3 (PNA) ISlRti 
RTtnUJSIUl 1 UJmmMMtiBimiUMraRainBRIHRB ItlimhHBRJtnBIRRRfiaRURimB'lIBIBlS 

U 3 in>* i £U V V 

msmarffitatun TRltnBuinrnialRiBaiiJtiiRaTHiaBitTiHiBHiniwraRa i niRsnjitBsiRiTtJtiiBiBl 

^ i u Lru in'ocu i u ~o i a a Uu 

tBllElWUJUJfl HIS shear connectors pujmBlBljBUBWBtiRWHtlJ RlBHjaiBlBjRinBRlItil 
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tratoufiNtnM i niajus dp] b uRRtiTRitirafitiTfiitnBTJBimippi RrnifjrafdRTHicu ttnra 

U u n <=* u nj 1 U i L»u m -o Lj U 

pna MmBlnatmuiuMnHiiJni tJt3ia«tiRiuMftnuaaiaRarsni3Mi3H u!HTui§BRintiwtifi 

o-ctsu <=t v ct nj i U n &J n tu n 



ISlRtiRTRlEUStUl 1 JUS dP) c UiJlPinnJBRIPBtJ tt3tu FNAWRIBlRtiTBBti 1 Qtirntsl fdTHTO 

ctU a v i_n ~o d ot u i U 

mimmania* inHatntnBuaimuRRarsnaraRainrnRTinMRTintiJiB i 



RaRI[mBHm!)!lJtmJiJl[TIiaim3JUB drf ItlttlHIGJR nominal moment capacity tSlffl 

ct?JLn-OCt 7 J 1 J 



RtuisiHHti couple itiwmmsImtiimRHitimpntau sianuntiraiaritltj *\ iratifnijssculitnsttjiffi 
iBtiwuRHHtiiuMRHiatiuitituaaBimtiiJimTMtiJiijnHm i itfimrmjRiiflmmuwBHuJRiBlBti 

o v V nj n U lUuw u>- ct 

RTmtmtJfiti IlHSHISRPlltilHffiSti lateral torsional buckling IBllPnJltJWItJfiiijtitn tuimifi 

Lj i in w ° 1 



SStUtnS composite action 1 

iBHTRnJlRtslIRIRTRimRRinjinmHRITtf IRTRfR[maiRinl3Ml3RtiU[UnilJtURtitill3IRnl3B UUTIH 

e-J Lju U Lju eu n n v <=t 

1. A s F y 

2. 0.85 f' c A c 

3- TQ n 

ttitu A, = rnariitiHsmRiuMiiJnBH 

o U U | ct 

A r = TRariitiraMraRa =tb (ihujitjb dri> 

t u vl d ] v 



£Q„ = IJWMilRtritiRlfiMITJJTJM shear connector 

x ~‘tl l n eu i 

WBmriBHm'jniJifTinRinaRiRRiHBMiiJRiaiTR^tim ifiafiJR stiraRti i iBliprotatUBmPB 

d l) in ~v> fU Lj <£n 1 d 

HtUCUU IRITUttiRBliaHtlJ ItjimiRHafRfTlIIUl3!Bl3Rl3TRii3IUMJUB drf a 1 CUSJTIPSn JTU f PTIStJ 

U 1 Lj v in 1 U U d U) ct 

rafititanju tuira pna MRialntiuJn eras dp) b u o i RjimButiralRialiPtiJiiJtmRiTU 

11 <=* V -n* 1 Lj 

shear connector RBTfttiR^HfRUftJfH'lU full composite behavior IwElKKcjjlRRHIS partial 
composite behavior 1 lETIoUtjl partial composite action HlGlRRHlSltlHIlJSrJRfHIEhSIlPR'lS RR 
nthSnJllStmRRP steel deck RltflHJ RflTRftnamRHRanntmaiRl3Rtsl8[Ul drf. “Composite 

a Lju c* a 1 

Beams with Formed Steel Deck” 1 
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(a) 



0.85/7 




ai - 



PNA 





qswunfi design strength ITJMg HfdHWUfjqmtmtlji d.® 1 HBRTjlIfitnB shear 
connector |RU|fnSEiI^HlU full composite behavior 1 

dm/mremm: RanrmHiardtiei ciBinarana (RHnafnninHgMuJmBlTHtiitiujifiaraHa 

Lf tu n ■=* i tu Li <*, i 

safari) 1 ttfimimifltfl full composite action RHiafatllHIBKIHRtjtiiaR A,F V Bti 

A EU EU V O y 



0-85 f' c A c \ 

A s F y =10.6(36) = 381. 6kips 

0.85 f' c A c = 0.85(4X5 x 87) = \ 479 kips 
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RtntiMamalniauJfitmj c = 38 i. 6 fa)w i 

m n ct i 1 

tssHissm^mHSTfiJrnmTHirjmaHnjrarjraRmBmmSgintnarijari^tiJTfiJmns'i 

Uu U v iwnsun Liy 

mgstutns mifuarannarsnaiginaiug d.tfi 

w 1 Li ay 



m FIGURE 9.8 



0.85fc 



i E3^~r 



a/2 
— C 



Id 12 



tu n u v u 

C = 0.85 f' c ab 
tsnstmiatns a = 



c 



381.6 



= 1.290m. 



0.85 f' c b 0.85(4X87) 
rhih c gaMniaiiwgnifigHgiuMTRariitiitifniMamgiRHM «/2 nsffnasfjutlfi 

tu U i <s Li vJ <* n n ni 

mriiRTHitustun RHntimmtltJ t awlti c> gaMmglgraflgHgiuMmgriitiiiJn *i tmuirj 

Li a nj ~o in o. Li i t/ U u a c* 

raw couple THfuiguiSnigrauJim csn tr 

A Lru n vJ 

d a 15.86 e 1.290 

y = — vt — = + 5 = 12.28m. 

2 2 2 2 

No mi nal strength RHHR couple U 

M n =Cy = Ty = 381.6(l 2.28) = 4686 inkips = 390.5 ft -kips 
lUltll design strength R 

</> h M n =0.85(390.5)= 332 ft -kips 
fSWDJ : design strength = 332 ft - kips 
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IBlinUJltitlJfltnB full composite behavior qffiumm dlQ tfifilWTH'TOtlJRSIimB* i mil 

A v Lj 8 s 

fnnMijnumnji pna ^WHissfnaSmsInaHBmmtJnsa^Jtnsm laiinraiiJtmnBatiifitii 

partial composite action 1 



d.ta. fnifint3MtomHisrm9u BiJtfrimfjatnafmgtf 

Shored Versus Unshored Construction 

mtiilfilUfitiltitn BtifigBWtnBBi design strength ITJWfl ( fflltiRB 75% lanMMtSMtifi 
isl28 /’ c ) ISISHISHSHISmnffmtiirdHird (composite behavior) IS IthmBHBmMRfHltlJ 

1 lalinniftitinunaliain funtsin 

i 

ITliffiRHiaHSiRStJStJSTOTRltnSStjsCUitJiffiGHfdHIM 1 njMattJBHUjRTfiitnBTgitflfflBBW 

tu in n o. c* U ct Lm U <3, 

Li Li n Li l l Lrjj 1 / ] Li Li <3i 

nmm*niMBiraatiiauJimiiJnnH i islinnjitiwrafittltiHi BBnftnnjnsHiMBTRftnBmlmirTi 

n ct U ct i n <=* L»u i -o 

itiimgHaraMRTintii8[mniJBtiinaRn!aHaaTRfT9uJimBHMHiM , i mamSaramHauuBatij 

ts Li s V <3j <n. Lm Li ct l n U Li a, 

rolled steel shape HaTRHIHTggHatiltiilUMfimilinJig maflTHiT9gHaiUMRTtntlI8[m Si3HH 

A u u v <* i run i n L»u U «✓ U sin 

nmntmufimfmntf hi i iglinnjitinjifiggnjtnB composite behavior uBRuiBHgiauamtsi 

aauaRHitSiaaTRiTguJimBHMinM i imaaijnBiinjnwnsimsMmiiJimtiiHRiJBSiaiTmH t 

<3j L»u Li ct 8 3 1 ^ V Li 

rnSGStli: tJStncuttJRmiatn Unshored: Before Concrete cures 

W* «i, 1 I 

aisc 13.4 siHsinti lalintiiffltinnHairaBBtiiiiJnBHiHiitiiJiBBiRTRilRHiaiiMMS 

Li <3 i Ot Uu in 

truuJht gugwaauaRHaiRBmiaHMHaaaraRiaggtiitnB 75 % lanwMiaiuMfn iiMM^gu 

U eJ <ijin 1 1 u in in 

minfi (flexural strength) |n' j ulSntinmiultljlGtiHfn UJltmiim W Charpter F of the Specifica- 
tion (TjCir g laiRtiiMtfwTliB*) 1 itliffimThjraisliChfriJfituisiJtJfjJi nHMTtnuRnntmufiti 
HltttaEU UHBHlBtaElj lateral support MTHIUliJnBH 1 TUWBraflHStaClftjl lateral support WTHIH 
ftingHIB IRtRfmR unbraced length L b HRRR luitB lateral-torsional buckling mBtllUIW 
flexural strength 1 |!JMSramHSI|fl1jSCljm[UTlgfflfdSIS ItjRBHRHIBtRftnBItUlBiSgugtiiaa 

uantmiaMtiumuuajiiJn iBigmimiuangitiiBs iRtRiuiaHuan mbt ft 1 =\kN im 1 

(Hansell et al., 1978) 1 
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tnstiscu: tTfilKJfntUttffidJtttn Unshored: After Concrete cures 

* U I 

tTRimuiUJIRBBUJtnB composite behavior TnuuBmiJtiiHaintiiuBumumiaHMTHftnB 

U u a U i n ci <* L»tj 

ms ISlttlEhtflB TfiUUBRmtiHWTfiftnBTBltfim couple SltiRti CUT?i f PTISt3 

Li ct 1 Cl Li <in Liu Li A ct Lru ct 

miratiiBfifitirmtiiBlinwtfiB i iJBiBSHsmnMinMTniiHHiBiiMMtirauTmBiBHTTguBnBiaia* 

1 U VI Liu 1 Cl U Li EJ Li d, 

ifltuiHumtiimauBmiJtiiHBiRisliwBHliJRHaBaraHalaini 

U v. dj 1 Cl ct 1 1 

fmfmaw^tUltugtU Shored Construction 

namnrntiMtotmruBBtii innBunmlnBHMinM uhmMmnHBTRfmiSntJRBHTB 

ct Li di ct Uu ‘ J ct U 

mtajiantJSR^icurarjliis i 

i 

Shear Strength 

I n cu 55 

aisc 13.6 Rml§TnHil3mRsii3fjT?i!sijscuitJiffiTgsi3rafjttiRGH ittamcu^nsl m3 

Liu ‘ J eu L iu Li i ct Cl ct 

Chapter F of the Specification 1 



sirntmaii w 12 x 50 iBRiiiHRitiiHraBaRtHitiisiimuRaRTinM 4m. 1 bburthieij 

c* W ct W U 3 1 Li Li 

SimTUMBfnnR 72 ill. 1 IRHBITUBBtli HHtinRIlJtlIHBfRHRIt3fnnBlJBRIBl: fnSHRHSHSRH 

aUc 3 Li e* U 1 Cl v tr ct 

M beam =13 ft - kips tnBHRnBHBRfjntUSim = lift -kips BtinUBRHITjI 
M L =38 ft -kips 1 (IBlRtiE|BltlimniB* IfiHBRfiUBRMItiWiaufBHIB) 1 femtiWlfUR A36 
iuim f’ r = 4000psi 1 RtUlRttltR flexural IUMBH1B8TRUTR1BUHR 1 MBfitslfltfl full 
composite action HJimnHfaEljtfl lateral suppoet tfnttJSRIfiUjRHBinnnUfitiltitri 1 

A l n ci A A i i i 

UtamsTtintn: Hrnnwramiltrtn fiHiBiRUBRHitsimiun* ( HSHisusnrrnt3rjms1m3gmtmnji 

U ii csj i run dj ct 

ibhb) i tiBiBstiarasR A4-1 cuti luimHHiaiHHimR 

V & 1 U 1 

M m = 1 A(m d ) = 1 .4(1 3 + 77 ) = 126 ft - kips 

H beam design chart iSl'ntl Part 4 of the Manual hljjAlUiufi A36 
0bM n = 195 ft - kips >126 ft - kips (OK) 

ITRiminmiUfitilftitn BHWHIMTfifBUBWBiHHlttHfinJl 

U 1 Ct Uy V V 1 

M u =1.2 M d +1.6 M l =1.2(l3 + 77)+1.6(38) = 168.8/t-fa>5 
RH1i3fi3i3fi C tjlfilHfiBtjltilRia 

tu n cu v 
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A s F y = 14.7(36) = 529. Ikips 



U 0.85 f' c A c = 0.85(4X4 x 72) = 919. Ikips 



PNAliMmsImirafiti ttrim c = 529. ikips ^ nras RHfibtifjutimiTffuiwtiRR 

o-cti 1 v ntuiUn 

' C 529.2 



a = 



0.85 f' c b 0.85(4X72) 



= 2.162m. 



tfiUnftJHHtiR 



d a 12.19 . 2.162 nni/) . 

y = — + t = + 4 = 9.014m. 

‘ 2 2 2 2 



design moment Pi 

</>bM n =(f>i-,Cy - 0.85(529.2X9.014) = 4055in.kips - 55% ft -kips > 168. % ft -kips (OK) 

(flexural strength) [ytijjTIS 1 



n u U o Li 

PiHsiyuHsmmSmBHjysmtijrnyTinusRgsJi i RtiMiBrnnss mnyuytnfdQstiiHiQ^jtPiyu 

TtnfdHSPTIfiRHltjPiFiljtjlil 1 UIB U^tlUafdHlfdtiinQSHSHlSnUQSnjlS ufirntmifitHuiBH 

Li ] ct V inUUtn Li Li e>i iu<^ 

jufiksscu tfiniMMitjEitiiRH RnjnffiHfjBQtiilimjMsifiiraiwsHSitiR i 

a at ^ O t/ 



d.m. 99l3M1U|tJM9fnCl (Effect Flange Width ) 

ct Li a o U J n u <=* i rt 

i 

ires iflwiHinBTtiliainia BtiRUJiRBH i aisc b.i nTHi^TBBtiniMBmnraMRTffitiisnjiiBiiti} 

U u U cs' ct U e» U a 

c * i) uct cu v ct 

1. HmmPiytnmsymftiiEmi i 

2. HmmHniiBnnnnnHiiJtiinHriHRnglHnn 

%) Ct O vJ 

3. BinmnHmnHiglTtiainTHUMRTintin 

e/ - Uct Lry Li Li 

wnsimguTRftnBHBfRBimsiRBHSiauiniTTi* flBiBSMtinuBHSiana ssmtiMSfnnsitiHcuTRl 

8 a Lry 1 r> ct 1 run V U Ct ct U e» w Lry 

HiBRiHnBtiiainiBHmfnnuBiBraiiiaitiitj uRtinRiuMBHiiJtiiRRriHRnglHRi ( ntfitiifiiseitji 

m V uuUc'-va c* OO «i> 

BUfflBRUJlRIM) *1 
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wi2x44is5wHisREmRnen 9 ft sti[s 

RtHitiiranainiiHRunM 4.5m. i EJiftitaR 30 ft i iflimu!aHriiW9HaiuMR|jnni mms 
usntjcnniastin 20 psf aauaRHitsi 1 25 psf 1 ujRtfinjuiB A36 niimnwMijrawiTjRtiR 
f’ c = 4000psi 1 BIIgRUHiaRgHaitiRauJimiRlinHIH AISC Specificastion JUWBttJIRHBItU 
BBtmmimsinMB 1 M3R full lateral support Ri3H9Ti3ItltlIRrU3Mti ItfimUBRtmtiMthnBHR 
20 psf 1 ‘EPT'dCUSf shear connector |RU|RlBEiI|HlU full composite action 1 
^B^/BWBTUBRIlJtllHBiRHaintinURalaHilHHIBBHBraMRTHltllSim 

U i n i i u tr U 3 

(4.5/12Xl50) = 56. 25 Kigmfrjl normal-weight concrete H1SSHS 145ps/ , IfiraRtiinnH 
|RltnSfi3SfitriH1SSHS 150 psf ) 1 MflnUgHUJtinnBRtinR 9 ft TJBRHITjJR 

56.25 x9t =506 lb I ft 
+ SHS§H =44 lb/ fit 

5501b/ ft 

tI3RfiJllJMi3R 20(9) = 180/fe/^!lJtlItRftnBRRtilUBRHItsn UBR BaHH^IHRIUlR 

w u =1.2 w d +1.6w l =1.2(550)+1.6(l80) = 948te//t 

M u =-(0.948)(30) 2 =106.6 ft -kips 
8 

Cl load Factor Design Selection Table 

</>bM n = </>bM p = 258 ft - kips > 106.6 ft - kips (OK) 

tTRiminwraRtilftitn tisRrmurdlaHstnsmmntsfms iRUBnitirmasimiBHinJiTiHa ttrimfn 

Li 1 dA c U <sj w- 3 «=» n 

tRftnBRRtilUBRItsI (XHtlltSmUlIIin S.9CT1): 
w part - 20(9) = 180lbi ft 

w D = 506 + 44 + 1 80 = 730/Z? / ft 
UBRHItsItil 

w L =125(9) = 11251b /ft 
tlSRHttiJ BtiHHljHITjIR 

dA V 

w u =1.2 w d +1.6w l = 1.2(730)+ 1.6(1 125) = 26161b/ ft 

M u =-(2.676)(30) 2 =301 ft -kips 
8 
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BBaniMgmritiimHiiJtiiHBtiiainnaBiiiniH 

U e» eu v Ct 

spotty _ 30(l2) _ 90lrt 
4 4 

FiCUIRgH = 9(l2) = 108zn. 

cuRscuisuHSfnijHslRtns 1 ran b = 90in. tiissti 

U U pi Liu gs etas 10 

fintJTtJMSfnn 1 isi§ mHmratiirmsImiras d.d RBnaMaKrniiRtiintHiiJtiiHBtiiainna 

EU U e» Lfl-octy sun Uu EU v Ct 

bhutih 



A s F y = 13(36) = 468 kips 



tJ 0.85 f' c A c = 0.85(4X4.5)(90) = Ullkips 
ran c = 468 kips 1 nras d.d 

,8 

= 1.529m. 



c 



468 



a = 



0.85 f' c b 0.85(4X90) 



y = - + t - - = 10.33 + 4.5 - - — = 14.07m. 
‘ 2 2 2 



</>bM n = </>bCy = 0.85(468)(l4.07) = 5595 in. - kips = 466 ft - kips > 301/f - kips (OK) 



TfifinsmRH'iiifrm 

Lnj eJ eu 

_ w u L _ 2.676(30) _ 
2 2 



V„ 



40. lAfps 



nsnniaUBnnpltmMIHnim (facored uniform load tables) 
</> v V n = 1 4 1 kips > AO.lkips 
GWtn: GHflntjUPninfilH AISC Specification 1 



B FIGURE 9.9 

4 . 5 " 

20 . 66 " 



0 . 85 f' c 



-1 


|a /2 








~^\~ C 1 








jlO. 33 " 


y 








< 







|l 0 . 33 " 



Py 

■< — v 
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d.6. Shear Connectors 

RtnamnmHBMiiJmiJtiiiRmfffatiimsraHa BtiitiRiw 

V -\*W EU M tu | 

atifitritiNianiBlnarafiti c i itrraMtritijntnamHmHBMiiJmBsiiJim v h i titsiBs v h tfifiiu 

eu n c* i cu IL v ,L tu 

itiWflBtfttilRRtiBinniH A s F y , 0.85 f' c A c U Ig„ 1 JtJMBtlf A s F y U 0.85 f' c A c HIU flBti 
HIS full composite action ItjimiRTRiR'lIBBB shear connectors BIBISHHiiMBT BtiHHtjHRtJJtn 

1 Liu w 6 u u U u 

CSB 

R 

V, 

N\ = —A~ C 9.2) 

Qn 

tutU Q n til nominal shear strength JUfj connector HH19 1 Connectors QSS N\ ipjjnffnSulR 
IthmtnBRnnmM9miWTu!ia!lJtllflRTHf I AISC Specification ^TMHmiWTHimiMfiJtiSIti 
stud connector Si3 channel shear connector 1 ut51tjCUtnSHi3ininuHi3 stud connector tflTUtfiS 

v in ~o v U 

tainamHItmiiaiR luimimanminmiRlUinBIB* 1 M|jnu stud shear connector Htu 
Q n = 0.5A iC yjf' c E c < A SC F U (AISC Equation 15-1) 

ttitu A sc = [nBpltiHSmRIUM stud 

/V = WMMtiiafTUMama1 28tti 
E c = HgtmHBJlMBIUMIUna 
f„ = nMMtiiafniBiminM stud 

M i n 

fdTHIH stud fanJITmil shear connector tBlRtiBHfiJtnfiJ WMHtMtiRlIBltTl F u R 60Csz 1 RtH 

Lj Li ctct in -o' 7 ' eu 

ItiEUcjjlu'ltil AISC Equation 15-1 PtflUntUffUntfiJIHS (Ollgaard, Stutter, and Fisher, 1971) 1 
IRHBI|SlHRn^nMM6Mljnn Q„ IS flexural resistance factor 4 tnBRRWtjnUtRtfrjMWtiltiW 
HlBfTinHB|TI|RR 1 

MHfTU 9.2 §THSS shear connector ItlCUTRffTinsiijlSISQtUlHHHflfdST SflHnflQHHfl 

W L»u tu l U U U IV 

HRUJtn 1 JltslSS MTHIUBHBTHWlHmilJtllTBnBUriTiJimiM IRTfifRlI connector QSS 2 A, 

Wlttf nRflH1BRtUlRIM9Rl 1 iSlintUHlSHSRHGhJlij AISC 15-6 SlHSli^ltflfi connector QSS 

U ^ ct dj 1 ‘J U 

A, tSl QISIotlSRQQtUlQ SflQtldQHHflrdSnSthlSlimnBmmflRHHfllEJtlJSIHSinslTRflUSR 1 
itiRIB* TfiftilBIfiMRlnjuJim N ? ItlimfiTHfRinBJTfifTnBUtiinilBlRtilUB £.90 1 GCUflTalGSS 

Ct Liu Liu Liu ifl -si <=* u u 

shear connector MIUHBBBtllRBntlirlRTHfRIIIBSIB 1 

1 W d Uu 
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Headed Struds (AISC 15) 

Miscellaneous Requirements for Headed Studs (AISC 15) 

• jftifiBfiHRtmn = 2.5 x RTtnMiuwuJRnH 

n u- U ct 

• TTJlJtiHUTtmn =4x HRrBr stud 

Li E*J r~l IS- 

• ntirmsnHtmunmHurann c nHRnslHRp = 6x hrrBr stud 

n e-J O O n u- 

• HtmnmHuinmmHRmtn c hhrjisIhrp = 8x n pnn fij n pm cu s tin 

• fi[mfiRlH99tiHTJTmtn ( HHnnslHRp = 4x HRrBr stud 

eJ O n is- 

• lateral cover HTJJtmn = 1 in. = 25 mm ( H B tn B R1 1 R IU1 R fd ]m U vertical cover 
HTJJtmn) 



■ FIGURE 9.10 




AWS Structural Code (AWS 1996) nffi^RmslHftRtaR stud MtitflJtjl 1/2 . 5/8 . 

x y i* v n v- ei 

3/4 . 7/8 , ati l in. i uJimtiitiaHaRSmastilHmaaraiJaHUTunnIiJtliRTHJuJim aisc trail 

ct m n i* u Li eJ Utj 

sscutnssifl stud RHR1R 1/2x2. 5/8x2 V. . 3/4x3, 7/8x3 V. SR lx4(UtB tfiRHlBtJtJ 
stud UJnjfJtitjltilBSUJl) 1 



Qffltnmn d.li: Ronsi shear connectors M|H1tipjnSRpriCUlSiRi3gmUlJ[ui d.tJl 

dtnjmitinm: MiauBBamiflwtnBBgtiinqgiuiiiin d.tJ: 

W21x44, tt]R A36 
f' c = 4000 psi 
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RpiMRpntllSim t = 4.5 in. 

tulitita = 30 ft 

ngmuijtlll RtntiRlRmHBMltiR V h ^cu^fmsla full composite action R 



Vjj = C = 468 kips 

fill REUTti stud 1/2x2 1 HtiRHBmiRHRmtnR 

w n l no 

2.5 t f = 2.5(0.450) = 1.125m. > 0.5m. (OK) 

TRBTlltiHSRIRIUM shear connector HtUR 

U vl a 1 u 

4°- 5 ) = 0 . 1 963m. 2 
c 4 

TUMBraimtiMBmURtitillUnaBHBIJHSn (normal-weight concrete) HatmHBnMBIUMIUfitiR 

Li 1 1 ^t. v V T vJ 1 

E c = w l c 5 Jf \ = (145 ) L5 V4 = 3492fcsi 
H AISC Equation 15-1 nWWiMtiRtntiRlRIUM connector HHJR 

1 1 ci su it 



Qn = 0-5 A sc jf' c E c < A SC F U 

= 0.5(0. 1963)74(3492) = 1 1 .60 kips 

A sc Fu = 0.1963(60) = 11.78faips >\\.60kips tilR Q n =11.60 kips 



ItOffi HtUIRRIHtmunmHUjniHIR 6t/ = 6 ( 0 . 5 ) = 3m. 
RtlJlRR1HSSt3HUjUJH1R 4d = 4(0.5)= 2m. 
RtiTiRmHtnnmmHRunnR M = 8 ( 4 . 5 )= 36m. 
QSS stud ftiUJTRiRmBlBIB'lSBtiBH SDRIUTICUGHR 

V Lru EU 1 ct Cl c* 



N 1 = — = 



V h 468 



= 40.3 



Qn 11-60 

mRBBBHUTtmn 41 MTHitimfiRamcuGH iiasswra 82 1 mSsraislTRaH8mRSHtU9imm 

W e-J Li Cl c* W 1 Li Li] %) Li 



stud QSSHffi RtlTlRllJtllBltnBR 

V w 

s = ~^(^) = 4.4m. tHR 5 = 4 in. 
82 

MUnuH8RiRHmi|u stud nijtnu 

^ = 30(l2) = g KIR s' = 8.5m. 

82/2 
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minwfu stud HtmunninatiimmrTRUTmB luimHnrinHmnmnMmaltjimMiJBnimHmuutin 

lJu B U U U €ll 1 

BaiflBnimnsMutim minufu stud TnftnBuiJuniBinaiuB iffi*ntiiminutuiB*TRfmi 

n l lJ Liu LTl -o ct v U L»u 

shear connector iiBBtjiafiTHfRumtJim ImniJimtMtiinamiBBtiitnBntinHmHHTHffnn 

Li Liu Li y ct y Liu 

awfer: ira stud bbb 86 uJutatriBBtri i/ 2 in.x 2 in. mifuiJBuiJicTmaiuB 



■ FIGURE 9.11 



X 




Two W x 2 " studs (typ.) 

\ 




1 w 



£.&. fmfiiuimHSfnfi (Design) 

t 3 till s w u n fti j ?i tin si h 8 fn n j u fd t u n s n t hi tu 8 tiJi n tin fri n t S m t j n t hi ^ j u m fi t hi tu 

1) ct i Li e» Li 3 Li Li Li 

3 EU 1 tmsdfltfimmEUmS URTtntlJIBR (itiEUtilSn steel deck) RltflGn RTHIfiftfiHBRHBIBlBti 

3 Li -d Li U U 1 

RtfflfiBH BaUBltilllBBIBRTHlMRTinni BtiRnRRBHUJtlJTRfRURUHItiR lJBIB*IRBi 3 inBIRtnB 

c* O Li Li Li ot Liu n U 

SlTtinSRTHICU iflniHIBtllRimilMlJRBUtiR 1 fTlJfitUlSlRTHICUgtUlHSTRltnSlSRtlJRHRSffiltlJ 

U Li e» Li a ctw- 1 U 3 L»u 

tBlRtilWfitfillBSIB mBimi 3 MBRtslimawiWRTinMRTHltlI 8 [m BtiRUJlRBH 1 UJlBJRmBNBR 

ctU | n wfc pi Li Li 3 ct c 

ramss imainBHBiRBifiuTiBBiaiTRiHiBHtuincnBiRiiRimBiTnfiBRTHitiisim tticumsascu i 

1 C 1 U Li eJ mu Li e» Li 3 -* &> 



1. RimRHHtiiHHimiiJtmBiliciHB BtiiTRimraRiiititri 

U 1 e* 1 U 1 

2 . ITStiinMHSRlRIlJRBHtmRtmia 

U 1 ct e<J 

3 . fiClJl SI design strength lUMltiRgH Bl 3 I|UjmBjUfl^HmBi 3 HHtilHRnilIlJniIBHiri 
HBinnHURtiltilri I IRTRfGJR unbraced length HfiBfi njWBIUnHHBtnBtitmjl lateral 

11 Lry o U in n 



support jmjjTTIS *1 |UMBIUH 8 R 1 fi!lJRBHIB 8 HB|RU|mB lfi[|iffmRElJji 3 HSm?i 
BtfltilBS 1 

4 . EitUlSI design strength inMHSRlRMHIM Bai|tljUIBjUflIBlBtiHHlaiHR[mMIU 1 (0 
MaraH 8 RlRMH 1 MHBtRn|RlB I^MnMH 8 RimiJRBHltijl 3 IBjRMtjnUtmR[lIJl 3 1 
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5. fHflnBRJttMMtiltifimtifnn (shear strength) IU flitting HI 

6. PTEUISH shear connectors: 

a. pteuisi v h , RmamnsriHgMiiJmaltHtittiusifiaraHa sttiltiR i 

b. tBRmrititBMtiim o„ c nfiMtiianmamninM connector imtii) i3ht 

6U ■*--'11 1 Cl SU E-J 

SSEUU1SUSS chear connector fiJJuftiUJTfiifnJ 1 USS connector JSSStitaEUSf 

li li 1 Liu w Cl v 

full composite action 1 IpSsitnflQtitnS partial composite behavior tfifflU 
fnmJBHJBBB connectors SSS ( tnBURTflHmtBlniaftin9 d.tl) 

<N. U U Ct Ct 

7 . Tfisingmfncitfm (tnitnauRTMimialnaiting d.e» 

Utj eJ Lfu U ct ct 

miiJiiSM8iBia1nafiinjiimitriai-and-oiror iflnitnBWjunuBitJiwiasnrnn^MWMHS 
mnttinBHflimtmia i JUHsttitusi3§TsJTRsmi3tsitnB c uHiBBBnmHnaigtnnBHaiiJtiiTRffni 
iwruiiaimfn) HiBmmsratns TUMBrainMBRRHMBHi itJimMBRfiiBmitiiirt^audMHiM 

Li Cl vJ Li strict -a> c? Li Cl 

1 

SltiTMti (full composite action) iuim PNA WRIBlRtiRTintlJSim ( ttlCUinSSffitri ttiRUHEUU 

Ui v ' s^ctUa ct i 

itiimfitiiRinji!iJtmmiBBtin|Ti88tiii3in) imamBMiiMi design strength ( itiimttinmsltnj 
JUS d.9b) til 

V 

h M n = h ( T y ) = h K F y y ) 



■ FIGURE 9.9 



4.5" 



20 . 66 " 



90" 



0.85/; 



h } a/2 

— r<~n 






t 

10.33" 

10.33" 



ttiltUtilf^j design strength tflptiHHlilHHim HJimttilSjjmtmn A s UUUSSCUfilS 

- M 

h A s F y y = M u a s = u 

h F y y 

M u 

U A = 7 - 7 (9.3) 

5 </> b F y (d /2 + t-a/ 2 ) 
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IfiRHIBMIIMIMHmi 9.3 fltil9HatiiafniMnMItiltR9plti 1 ifrlffifiTliftlllfti 1 ft H1SH18 
A s /\44ft 3 ^tU^m^aUtiHlSSHSHI^ 4901b/ ft 3 

i 

w = — — (490) = 3.4 A s lb! ft ( M|Hin A s RRtil in 2 ) 



nfjHmj 9.3 iJBiasBHBuJtiitnBtmBRaHm ft ta 

1 ) tv c* X) * 

3.4 M„ 



w = - 



,1b I ft 



(9.4) 



<f> b F y (d/2 + t-a/ 2) 

tt3CU M u RRtfl in.- kips , F y Rfitfl ksi , luitB d , t Sti a RRtfl in. 1 tfimBIJUMHfTU 9.3 U 
9.4 tuHtnBfi3nfi3H8fnfifinRnj|i3 1 fJHfnjsitinjsiHsuslRHrjttJturjsfi st3fnjtnsfins ati ^ 

E*J Li 1 e-J tj n wt> 



titstss tfiBiBlufifitiTflititnBfiHMRBnniM RTHRtiiiHtianamiRiinBi a/2 stiHisRsnEURtsRG 

V V nj 1 Li n V U i_l ct & i) 

IWHIHlflUItilBRimBl A s HRfdSR a/2 = 1.0 1 

raMBraimraMHfni 9.4 ItflHnnWBH nominal depth d tBlMRHIBlBrnnnjMWMITJnti 

Li Li ^t. A c? i~> V 

rmntuiatnstihaaitiJTrdtiJ 1 mnraMHfrinBjRtitiiBirniRimBiBHBBHiiJimtiitii 1 

Ed Li u Li n V tv cX On 



qffnnm d.e>: fuifaitytimrj^unsnuritiJR 30 ft itfimRtinnBHn 10 ft uftmRRnHRjislHRj'i 

rolled steel shape Bi3 shear connector ItJWB1tnBlBirf99tlItnBfnnB 
Bli3TMi3tilHmBi3RTintlI8[mraRl3irinHRTinM 3.5 in. 1 tlSRmSH^tUH1SmntWRTHltU8[UlJH 

U i w U a i U & Uau 

HISUSRtiqfliagtlfl 10 psf BtiUBfiHITjI 55 psf 1 IIMMittUHtiti f' c = 4000psi Bi3IlJmiJtlII|U 
frlTUtfiS A36 1 MSRtTlRHHIS full lateral support fitiHBTtiinUJNltiMlj tuiminSTJBfiM’ltiMli 

Li vt ct ct vJ 



20 psf 1 

fitarngfuntn: us m ti tu tr I tsh si n curaRtiln bir 

U Uu U i i 

nXJtntuscin: (3.5/12X150)= 43.75/?^/ 

SHSRti lft: 43.75(10) = 43151b /ft 

usRrmarja: 20(10)= 200 ib/ft 

( BHBBHBtiTfiJnfiialinWITfTim) 

is ct L 17 J Li 



w 



part 



= 10(10) = 100 lb/ ft 



W D = w slab + w part = 437 - 5 + 100 = 537 .51b i ft 
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w L =55(10) = 5501b /ft 

w u = 1 . 2 w d + 1 . 6 w l = 1.2(0.5375)+1.6(0.550) = L525/dps//t 

M u = — (1.525X30) 2 = 171. 6ft- kips 
8 

finfiEU]i3RHfj d = 1 6in. 1 nfJHfflJ 9.4 gHStSHitiEUtilSfitUlSlfi 

eJ n <=* 



3 AM,, 



w 



3.4( 171,6x12) 



= ll.Slbl ft 



<f> b F y (d/2 + t-al2) 0.85(36X16/2 + 3.5-1) 
finnCUTti !T16x26 1 TfifinSfimHtJimtIlffiHSHISQStUfiJTHlljtJSmJiClJHSiRHStnCUraRliltIHI 

w Utj eJ c* ^ U 1 n 1 1 

( SHsrafjmHicuson snsrawtiH stidSRfmtifdii) 

*/• Li a ts c* <ii 

w M = 1 .2(0.4375 + 0.026) + 1 . 6 ( 0 . 200 ) = 0.8762/dps / ^ 

M u =-(0.8762)(30) 2 =98.6. ft -kips 
8 

H Load Factor Design Selection Table 

</> b M n = faMp = 1 19/f - /dps > 98.6 ft - kips (OK) 

itmminroraniMtitn aaipminwfiJtmHBBtiitna composite behavior 

W D = w Slab + w part +w beam = 0.4375 + 0.100 + 0.016 = 0.5535/dps/ ft 

w u = l.2w D +l.6w L =1. 2(0.5535)+ 1. 6(0.550) = 1.544/:/ps//t 

M u =-(l.544X30) 2 =11 A ft -kips 
8 

HSiHCURtUlSI design strength raMHSfTlKMtnfiJ fiyaimatHiRnJlHBBiarmUfTlMBfnri 1 fdjWd 
BHsitina BBaniMBfnntiintHHtitiiainnaBiiiniH 

ct ct Li e» cu TJ ct 

span _ 30 ( 12 ) _ QOifi u H[UlHBH=10(l2) = 120i'n. 

ffifi b = 90 in. 1 fdTHTO full composite behavior RH1i3ihji3fiiSlRi3TO?ii3i;s1 ultimate 

U 1 m n c* 1 

(iMsiiRHiti mniriHBMuJmBlTHtiitiusifiaraHa laltim tiintHiiJtiiHBtiitJinnaBiiimH 

^ cu Li cJo 1 cu V <=* 

A s F y = 7.68(36) = 216.5kips 
y 0.85 f' c A c = 0.85(4)(90)(3.5) = 1071fops 

ffifi C = V h =216.5kips 1 RHfdtIfiRi3T?fli3fi3l3mslRi3RTH1CU8[UlB 

1 n eu 1 U n ca L a 

C 276.5' 



a = 



0.85 f' c b 0.85(4X90) 



= 0.9036m. 
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d a 

y = — t- ? 

‘ 2 2 



15.69 . _ 0.9036 

+ 3.5 

2 2 



10.89m. 



design flexural strength Pi 



</>bM n = </>b(Cy) = 0.85(276.5X10.89) = 2550 in.kips = 213 ft -kips >174/? -kips Eijpiti 
TfiFinSPiTPiHItlPnfi 

Uu eJ eu 

Vu =^jjym= 23 . 2kips 

PI factored uniform load tables 

<f) v V n =163kips> 23. 2kips (OK) 

mSm: ijn wi6x26 

intflfmiHgtlllHBpMtilUMraHaiBljHniim shear connector 1 ngSIUlTtljl d.CS. 
E=2A92ksi WTHnmuntiBHSmfiHBJBia /'- = 4000p« 1 AimtlJTti stud 1/2x2 in. 

( A sc = 0.1963m. 2 ) 

HtinSfmntmn = 2.5? y = 2.5(0.345) = 0.8625m. > 0.5m. (OK) 
n AISC Equation 15-1, IJWMijltifiHItifTimTJM connector HHJfi 

1 1 n eu v 

Qn = 0-5 A sc ^f' c E c < A SC F U 
= 0.5(0. 1963)74(3492) 



= 1 1 .GOkips 

A SC F U = 0.1963(60) = 11 .' ISkips >11.60 kips 
tiBlSSHIR Q n =11.60 kips 

qss stud BtifflimnjtaR 

u Liu eu 1 ct n e* 

i/ r yif\ s 

AO = — = — = 23.8 ITU 24 MTHIUtTlRmiintlinH UtflMITJ 48 

Q„ 11.60 L L n ^ 

sia HtmfimHmiunmHujmmn 6d = 6 ( 0 . 5 )= 3m. 

UflJlPiPnHSSDHTJJTJJHIU 4c? = 4(0.5)= 2m. 

HtmniTiHtnimimHnniHin 8? = 8 ( 3 . 5 )= 28m. 

ruMBraimrn stud HturdTTntjHgfTifiSHffio ntirmrauTiRTUiuinin 

Li Li u Li ] u Li Li 

, = 30(12) = 75 . n 
48 

RtmniBSMmalBtmsuJBSMthifi sDToSsitJTJtaPi tJBiBsfiuincntunsim 1 

«>• eu n 1 1 v -o 8 a 
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LT1 "\J c* V 



fswtu: ranmiHimmuJniuiiunialRaiug d9cn i 

Of 

H FIGURE 9.13 






W x 2" Studs 

IT 



3"- 



47 equal spaces 



30 '-0" 



■3" 



W16 X 26 

d.e). ffintflU (Deflections) 

(transformed section) G tiBIBSmntflTmJWGH 

fjHifdstf RGtfitiGHGHm i tils inHiB99tiitnBHHiaaBnimni3iB«mTrTimititiiiuni3ii3Hi!H 

v ot in u u U i 

mom* *i mruJin!iJtmRRi9Ti3uJimRmuaRHainaHatntiiinni3li3HiTRftnBmmmtiiHmai3HHti 

i run vJ dA i n i i Lm u v 

BBromruuMGHuJR i mniJiumaHaamniaTaialintiiiiJtiiGHiaainBmtsmBtii sHSitiMtinfiia 

ct «N. VJ 

son igitrmmintmuRalatn i ranaaiaiamnaMaRtiiuiuiH luimiaaftsiRnn 

aU i v o i cu n u v i u 

ttJcumrintutiitji creep i Creep ^ntnBT9tirmm!iJnnRmfffi3iTmHHitiniMuanMi3R i nmm 

(Ti a a 7 J Li U vJ Li di n Lj 

tntmnRHianuiBTBiaTgimfiua nuiBTBfiTmmuiaHaamHtnBimauJimHrmmmwimitntiifi 

71 Li Li u y Li Li vJ Li 

tftj i RBnnnaliWBHMtnMnmnRaiBTaBfmnnia iflnraiiinw^TniniJiufnHumTitRaifffaliJi i 

& cx vJ v n euJ vJ 

ItlinBRimmRfnnflinimrintlimi (long-term deflection) ttiimipUIBRIBMftitmRamHItU 1 
mBRiBMiB8mTtfH8RiRraRia!iJtiitnBRiRaatmaiRi3H8RiRmtiii3 tiBiBMRBtiBBWtnBHHts 

tf. Li i i ct i y U V 

aBUjRiciRBfjitiHa iuimiRatiBBtiitnBmnflinBtiii3HB i HSRimfltutnBRiRUBmTRftnBHimai 

VI U 11 Uv 

uJihjittj 2n u 3n flaM^TtinnBtuHatiitiimMa n i tslmatrafftfritss tmmm in i fnntfiu 

U-vAu^JUvr n c*U U 

IfltmRBI^auJim creep HS|R!tnSi[UlS1iflltIJ AISC Specification tB 1 

MTHIflfTlifiJlflfiJflioltlJfnSijStU IRtnBHHtiBBtlimnUSMHIMTtnURimBl long-term 
deflection 1 

1. i[U I s , HHiisijClJfrinrafj rolled steel shape 

MtinufliniJimiJtiiiRRiBTatflimtminaRHaiRaHBiritmuRalaHii 

Li vJ d* 1 n 1 1 



ripjtmtimtrmj 
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2. IJU I tr , HHtiSQCUfnnrafj transfored section t^CUPTEinsntjTHEIJSta bin fd|H1Ufnn 

tfiu BtiMynumntfiutiyti (initial deflection) uJujirh 

i n U i 

3. f |p I tr i uCUPi[inS1tj1HffiSi3 b/2n W|H1U long-term deflection UJnnfiniajtiUfimNlJ 

uBRHitsifiJniHaimTmmintiiraHalain i 

i r> U i 



tjffltflUlfl 6 '.Cl: fi [111 ST ffl n ul TJ fp H 9 (immediate deflection) Si3 long-term deflection fijynUGH 

[slRflgmuunli d.tJ i 

Btaimjtmin: miflussstungmuiiafi d.6: 

l¥21x44 , loR A36 

RTHlfdRTHICUStin t = 4.5m. flflffiSStf TflMSfnnil b = 90m. 

Li Li a Li c? 

/' c = 4000 psi 

UBnHITsltaHBfflHBinWrantiltitriR w n = 5501b/ ft C RTtntUStintJRSflGH) 
USRfiJIttfiJttfi w const =180 lb/ ft 
uannitim w L =125(9) = 1125 lb! ft 
usRtfnritfsnnfi Wpart =20(9)=180 lb/ft 
fnntfiwriHo: 

m 

fdTHldtiHtlRSflRTHlCUSQn w = 550lbi ft 

u c* v u a ^ 

A 5'VZ. 4 5(0.55/I2X30x12) 4 

1 384E/ S 384(29000X843) 

MUntiugntmtiMti w=mib/ft 

, 5wL 4 5(0.18/12Y30 x12) 4 

A 9 = = — 7 37 — = 0.1342?«. 

- 384£/ s 384(29000X843) 

fnni3itJfnH9rijrafl a, +a^ = 0 . 41 + 0.1342 = o.544m. 

01 1 1 z, 

MTHwnntflmticmsIfdcu inrnimiHHtiatiwniniuMHsmRmtiitifim Lpinrastt 

U Liu V 1 H i) 

SSflRTHICUgtinmCUfl bin Sfl I, r fllHffiSflSSflRTHlCUgtinmCUfl b/2n 1 MTH1UraRt3BHB 

Li a t/ w U a Li l v 

GHmtHtUHlS /' c = 4000/wi , E c =3492ksi Bi3titUinjUHgtlin 
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b = ^ = 29000 = 83 
E c 3492 



tUR w = 8 



M|jnumniJiuiuMH8friHMinM!iJtiiHamn9i3ai3 creep gatijuMgmrm 



- = — = 11. 25m. 
n 8 



ras £.96 uaininH8RiHmwti?tJwTRfm , i miRimmMTHiuBfnaHmimK BaHH^astiimri 

V Lfl -o l L»U C* U V 

rnftnBMiauialniamna 

Utj a c* 

mniftuSuaiiJnranmwngHatitTnasimn 

v n w- a 



_ . 40180/12X30x 1 2r _ 

J 384£7 fr 384(29000)(2566) 

mntftuuJnmnmwfiuBRHiTjjfi 

= \ 3(l12 5 /12X30x 12) 4 = 2755 . n 

4 384 El tr 384(29000)(2566) 



■ FIGURE 9.14 



11.25" 



C 



-N.A. 



W21 X 44 



::4.5" 

i k 

20 . 66 " 



i' 



Rinia d.6 





A 


y 


Ay 


/ 


d 


I + Ad 2 


tuna 

i 


50.62 


2.25 


113.9 


85.43 


2.571 


420 


l¥12x44 


13.00 


14.83 


192.8 


843 


10.01 


2146 


y_Y Ay 306.1 
} ~ YA~ 63.62 


63.62 
= 4.821 




306.7 






2566in. 4 



ftffjtiUtiMtnM 
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mntfimm:inmmitau[ijntu?i creep i nussanrHitustuimtuta 

V 6~1 1 U Ll 3 

b 90 

— = — ^ = 5.625 in. 

In 2(8) 

H8fnnmtui3TRftnBtiuifmaiRi3iug &®em mmtuisisra^sHssa HHtiBtstiimnrHftnBMiau 

1 L»U Lfl -o ct v U 1 u Liu 8 

talRtiRinti d.EfiufimunlHHtiBtitiifnniBJtii r tr imainBRimBimniJiuimrinnimiiiJtmRR 

C* v lr V 

ISjtiltfltfl creep R 

_ 5 ^_ _ 5 (0. 180/1 2X30 X 12r _ 

3 384£/' fr 384(29000X2245) 



■ FIGURE 9*15 



A 

y 



5 . 625 " 

-< - - — — 



;, 4 . 5 " 

T~ 



20 . 66 " 






mnti 6s.Ec 



ijwjtiuti 


A 


y 


Ay 


/ 


d 


I + Ad 2 


tuRti 

i 


25.31 


2.25 


56.95 


42.71 


4.269 


504 


1412x44 


13.00 


14.83 


192.8 


843 


8.311 


1741 


I Ay _ 249.8 
■ V_ IA 38.31 


38.31 
= 6.519 




249.8 






2245in. 4 



£r/^27: mmrmmsstftmifjttimufjfnntfiu 

Of Li 8 

fnnt3l!JfnH9HSgSCUtnS composite behavior 

m l u A 

Aj+A 2 =0.4100 + 0.1342 = 0.544m. 
mniJiuim:intii8tiiHmBi3titTnti8[imiJimRiBUBRHitji 
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Aj +A 3 =0.4100 + 0.0441 = 0.454m. 
fnnEJimra:i;ntU3tEJimmsHusnmtiJ 

ru 

Aj + A 3 + A 4 = 0.4100 + 0.0441 + 0.2755 = 0.730m. 

fnnEJiujtuiincuiJmSitumsusnHiitir 

Aj + A 5 = 0.4100 + 0.0504 = 0.460m. 

Aj + A 4 + A 5 = 0.4100 + 0.2755 + 0.0504 = 0.736m. 
iflimtmiuamtsifiJtiiHaiHiTrnmintiiiuHalainHiantHHtj fnniJimiJtiitnan creep 

<* l c\ u 1 eu V 1 

HiantHHtiialnaqffiummiBs i 

OJ TJ ct * 

1 



d.ri. fSMtnMtilHffiSlafiptUCimtifi (Composite Beams with Formed Steel Deck) 

RTHItllSimtBiRaMimtilTmailJRTnftnB^iaTantiBTHtiRTffltllllJRIBn (ribbed steel 

Li 3 ct Li Liu fn vJ ct Li Li V x 

deck) IlJWTHftnBBmBlBamaaiBHT^TflfnmiBltilltiRIUMlTR^aufi 1 IfflJUtilHIBRIimiWR 

' Liu l nj Ed jJ 6U ct Li U tn 

tamtfim msRrarjus§iSn^ftns^n§jmt3st3§Hn{jmtiJ n^tu]jdms1st3jmStiJ{s|msis i 
JUS d.9e> Ut31fnnJSmStUH1SSrdim3St3UH‘1 IfifllSTti shear stud IBlllSilHMinMltitlJHlB 

U in -o u ct vJ ct 

RTHlEUiSU RIHlStiBmBtiRUtSlffrti shear srud tSltrotiHMHIMttinJRISRTHinJJBfi 1 intJlRBRtil 

Liu y ct vJ c t v^>Liu 1 

mjfnumjflti deck IBlBtinHltiRtiWBf9THBH3 (lateral support) 

i* ct ct n u L* 1 * 7 

MTHIttfiHltiRHBinnnUfilMtitrn fflJUllflSl SUfUjlfnUUHMUlfdtjIHffiSU formed steel deck 

U Ct 1 1 ct u 

mBimirMBiBtiBfliBtiRiimnH rduihJtiiutusanTHituiStUHisnTHiojralSj 

U ct ct u Li Li ^ 

insrianmHtiiRinjiiwmtiitJHmBBB: 

Cl W li 

1. iRHBRfiraRtiialRiaiBR (^tmsInjTfnmtingirnmjurjdeck) lalinniiBRaiaiBi* 

1 C* u U Ct u 

IRtiBtiTIH (AISC 13. 5b) 1 IBlinWJBfiTMUBtinH IURl3ialRl3IBRIBl*TRftnBRRUtTltlI 

ct v ' u Li Ct 1 ct u Liu U- 

!BlRl3RlIR[mRtlIR[m:H8RlRltlimTRftnBUtn[mglRl3RlIR[mBl A r 1 

ct 3 1 Liu V t Ct c 

2. tUSfnnJUfj shear connector JflUJUltnSfTlfiUStU 

e» Liu f*- 

3. tflBlffl IRHBJntiBBUJtnB full composite behavior IS 1 HHJIUIRRTjI UCUlUJUfj shear 

V U L V 1 

connector TRftnBRimRUJimRtUlRinMIBR ItlimifiHBHIBITtJTRUBBB connector to 

Liu U U Li u 



ttffjtiUifMfflM 
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UnffTIJ 1 iS1°dPRH'ltsi;|Ti partial composite design ItJlffifTlS formed steel deck R 
UJim RfltHftnBIWnmRHR3BntmalBIB8 nipsfnmfpsfifjnjfm formed steel deck 1 
RIHtlRflHaiHBtilRimJumg IRfltiltilTHMBiaitiRIMlJRB 1 

in U a ct i*. 



M FIGURE 9.16 


[ 












imaBaBnnmiRRtiRiiijiiB* i RTHiRiioitnBiiJtiiHBiRialintiiiBRinBgMTMuiglBanHTRftnB 

Ct Liu in V U c* Liu 

nuitnialRa aisco.5 c i 

in -v) ct 



tugfrimdCUfTlRUaffimM shear connectors 

tfi 

Reduced Capacity of Shear connector 

UJimnaftiRlWRIinitmn AISC I3.5b R[Hl§jROJl shear strength Itlfij shear connector 



o„ igiBaiHRimRiRUBmiBlintiiiiJtiiiBRiRaigiBanH: 

-*Wi 1 O. II ct 

0.85 - r - v , „ < x o 






r \ 

w r 




- 1.0 


l hr J 


_l h r v 





(AISC Equation 13-1) 

ItlCU N r = GSS stud RlaHmiBRTRtiRlBallJtllRlRmtilHmBanH (tammRTRHtfrBlRtiRU 

' U Ct u u Cl JU rtyc* Li ct 

1 1 

PTfinsi) 

w r = SStiHRJHJtJfjjSR 



h r = RHWJTJMJBfi 

• n v 



H s = UIlitilUM stud taRtiRIJRimBlhHBtfiilfrfiti (h r +3) 1 

BtnmaiBJTRftnBuiJitniaiRiarag i 

Liu Lfl -o c* 1 ) 
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Partial Composite Action 

(partial composite action) iRRtnBi^aiBliciciJititiJ 
flHSHIS shear connector raUTmaiBHTmitTlIfTiniH[lIlfll3raHl3 1 mi3tUfit3 BtittiR 

Li U &J i ct i 

HBinBinmmW strength JTJMfllCimiClJmig it^ffiRH1l3rJl3fiT?i!tnSR[UlfiTRHRH1l3HRtJJH1 
(IlJtlltilllMMtilUM shear connector Ig_ ) IlJ[lIint3nmaRml3fnnsnHltiU*lfU3IlJn atilUfiin 
JCURIjI C A s F y , 0.85 f' c A c sa TQn 1 

frlHffiSti partial composite action tfiSISiHRjnJIRiJMti (PNA) MRIBjtiHSR'lfiUjR 1 9 

miaia*Bi3iBSlTfnilmmiMMtiHiBmiritnRtiiti9intiiuM pna uJniMRiBlRtiRTHiwsimuBB 

c'^J in s^ctUan 

iRiHitumiimBuaRiJBRi *i 

V <=* 

ISllCIUJUJUJIRIB elastic analysis RflBtillBllRtllllJtlllRRimBlfnniJlU IRtfiftSmi PUlilSI 
HHtiSBnJfnnmrj partially composite section 1 IRHTGI|tJI8]lfnl3 parabolic transition Cl I s 
( MpnmfiUjRBH) I9l I tr ( Mpnti fully composite section) TJ1B (Hansell et al., 1978) 1 
sitiirmH ^MHRiiiflWBatiWBJwgtiwniuTiRniiiJiciiMTinuHHtiBBCiimnTtiMBfnniiJcmiiJirn 

U n U e» U U U v U et in -o 

iultll Commentary to the AISC Specification: 

Igff = I s + J] LQ n IC f \l tr - 1 s ) (AISC Equation C-I3-6) 

itiEU C f tjlRBItiMtifiialRtilUfitiMTH'ro fully composite condition (filHUJUJfiBtfltilfiRti 

J eu n ca l U J 1 tu v ct 

BUliTlH A s F y S13 0.85 f' c A c ) 1 itfimwilffi TQ n ^RmaMtiR^mMtJMpnnRItm partially 



tpffimptiftfMf 
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composite ISIStaElJltijTJ Y,Q n ICf tjlBinJlfUUfd compositeness ItlEUtflSI fTIMBIUtitmtijUia* 
RGtjIti 0.25 imMHHBnntU AISC Equation C-I3-6 (Hansell et al„ 1978) 1 

IHHBintiBBtlltnBIIMMtillJmniTIIBina partially composite beam 19 utslSSfigiH91i 
BiHSfnmiJnnHIStiia HSRIfittinfiHMTinU fully composite behavior 1 ms flTfiJmi shear 

Wi os i csU j x. inUu 

connector luimfitHIUHttiRtiH Bti shear connectors (talUUmnimtifitHlllOTti) 

cu os u &. m vJ 

TRftnBnRtitlliglnafTlllfnmtimMlJRtil IBlTRUintllltiHl fully composite beam Hisnjgfnn 

Lru II Ot Ot C7 l*. l_i J 1 C3 

gugniti (taiRifitiifitjUragsRiimramB*) imfiamrmfnriustUQSs shear connector tacu 

W U O' «n. 1) 

partially composite beam 1 



Miscellaneous Requirements 

BiaitfTlHtilRtHJmiflJtlltnBn AISC Section 13.5 a SH b 1 mt3tUSl3UjunU81t3t[fnHtil 
KtHJmiuiBHniwHiiJnitnBnjunuritimiaiBH: 

- RHMIBRHfitmn h r = 3in. = 75mm 

n v f 

- ggt3HGTHHuraiHirarjrssi w r = 2m. = 50mm uiBniHiuM w r itiimraislmifm 

eJw v ' iniu ' Uct 

RIUlB'lHBRJlfrjlti clear width IUMltiR&U3li5utiRinM deck 19 1 

U ot 1 

- RTmMRTHlWHUTUIHllBifilWltinSMUtiRIUM deck = 2 in. = 50mm 1 

Li Li Ed os n 1 

- HtifiBfi stud HRU1H1 =3/ 4m. 1 mJ91H91JrdTH1tj formed steel deck ISStiimraiSHH 

n is- U «n. 

IWHtifiBfiHfimtn 2.5 t f 1 

n w. J 

- RHMHTJTtmmUM stud niWltinSMUtififi 1 y.in. 

n eJ os n i / Z 

- RtlTlRRlHtmimmHRUnniUM shear stud - 36m. = 915mm 

n 

- IRTRjfnU deck 19lSt3hJlUGHlEJltURHJlRHS§mijlt3 18m = 460mm itflffi stud U itflffi 

Lm u* cu ot -oi 

spot weld i mnfmmssiliHjfrtfmr uplift i 

9HS deck Si39HSRTtntl5 Slab and Deck Weight 

iBHTMTHtiiiJtiifniRimBigHBRTHitii immtuRimrjmrjnrmmgiaHtiJiEJitiJhrjntnR 

E*J Liu <y Li Li Li Li V 

IUM deck 19lltiBU31WIUMRTintlI8[IJn 191*U^lSlB*tnBimBin81URl31tiiMnilJim IRflHlS 

Us v^> ' 1 
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Mffirrirn M|mugHamgrantiinnH i;mm|usHsra§jt3Hi^ei!synmsH 5pcf =80kg/m 3 i 
tfistsl uJimtmmrintii8[imBlit3 formed steel deck tiiraRtitanTStiitfitmtiRfiB (hiujsmttj 

v u a i u tu u 

welded wire mesh tjSfo§Jffin{iJ reinforcing bar) fnJtIlSH5pc/ = 80kg /m^ fiJfH'lUftJfinftiti 
HlBHiamHIS UIB deck 2psf= 9.6kg /m 2 tSl 3psf = 14.5kg / m 2 1 

imnBITtrfBHnaiBtR ItllffiBRtaClJtJRJilRRTinfdRTHICUitICUiSinifo deck IfltllSMtiiaiR 

U eJ iJ v U U n 

tjlHmBtimRRnmWRHMraWIBfitjlRTHIfinUfitiRtiRIJfiimBIBHBJUMRTHinn tflBtBl RtifTIJ 

U nn V Li 1 Cfc ts Li v ct 

HsfR imnBiRtitmiRifiaaHaRTffitii sti deck lalnamntifiJtiititij^TufitmnaBTRtiiun deck i 

in V Li C* n f J Li 



qmwmti.cS: firmwsimTBuJimBHfatmru formed steel deck itJtiniiiifmal mams d.stf tfi 

Li 3 Li ot Li i_n ~o V 

1 

HmaaRTintmuRairmHiiJtiinTinMMnin 4.75m. jsr deck iRtiBiathn raifaltuan soft 

W Li i Ui v ot Li e* */ 

nMcHHisREiTiRnm lOflfuJimnRnHmiBlHnn itJmrt^auStiiruinBiiJR A36 tuimiJWMij 

ct <=t J OvJ U U m Li in 

1 

JUfiiraRtiil f' c = 3000psi 1 BHaiUMR|jntlI 3t3 deck R 50/75/ 1 SHSHttiJR 40/75/ S13SHS 
tirmiaR 10 / 75 / i RtiRiirmtiMittB* rnHSHisnuGstiimtunsHirdsts mimsHarmtifotilho™/ i 

1. Vk shape 

2. R hJl SI shear connector 

3. TfifinaRTmntJiui mntfimm:inwmiMiuHBmfiHRmtnR 1/240 tattil fiat turn 

Uw U v l i m Li c* 



82 FIGURE 9.18 



“LJ U U LJZ 




Jl 

m" 




Bttuntjtmtn: i. RtuisigH 

I^wnMIuntiWIRtlljaiflimtllintB full composite behavior 

Rjjnnjsim: 50(10) = 500/z? / 

tiqyitistui: 10(10)= 100/6/^ 

TJBRHITjJ: 40(l0) - 4001b / ft 



ripjmtientrm} 
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w u =l.2w D +\.6w L = 1. 2(0.5 + 0.l)+l. 6(0.4) = l.360kips/ ft 

M u = — (l.36)(30) 2 =153 ft -kips 
8 

SfrltHfdSfitri d=\6in., a!2 = \in. StiMSRSHSrafdtmnWHfni 9.4: 

v^> vt t/ Ct 

„ 3.4(153x12) 17vt:f , 

<t> b F y (d/2 + t-a/2) 0.85(36X16/2 + 4.75-1) 

ftirntmti wi6x26 1 TnnriBRTnMMtiii3rninnHaititiiiuHi3li3Hi 

w Uy U 1 n 1 1 

usnrmarja: 20(10)= 200 lb/ft 

w u =1.2 w d +1.6w l = 1.2(0.5 + 0.026)- +1. 6(0.4) = 0.95 \2kips /ft 

M u =-(0.9512X30) 2 =m ft -kips 
8 

Wl6x26 til compact section MyTIti A36 SHtulffifiTIJ steel deck StitatU lateral support 

TRUTR1B titslSS nominal strength l^tiIIMMl3Hth3tnWB M„ 1 

Cl Load Factor Design Selection Table 

(j>bM p =119 ft — kips > 1 07 ft - kips (OK) 

urnminwrammiHi HBRiHHimMiuuJnnRfTaitfimBHwtnM ItJtiiTRitnBiRMTHtuuJimMii 

U 1 dj l l Lru U Ct L»U UJJ 

BHBJUWftiRBHR 

ct 

w u = 1. 2(0.5 + 0.026 + 0. l) + 1 .6(0.4) = 1.39 1 kips / ft 
itomHHiaiHflimR 

V 1 

M u =-(l.39lX30) 2 =156 ft -kips 
8 

BBanTmtiisimTUMgfnniuMHsmRMinMTRilRinBRiHRtitiiaiRnaBinniH 

U a U e» l Lju cu V <=t 

span = 30(l2) = 9 Qi n n RtUlfinH =10(12) = 120/n. 

4 4 c V / 

EUR b = 90in. 1 MTH1B fully composite action RtfltifiJtiR C IBlRtiraRtiRtjlRlHRBtjltilRRti 

U J 1 sun ct 1 su v ct 

thome 

A s F y = 7.68(36) = 216.5kips 
y 0.85 f' c A c =0.85(3X90(4.75 -1.5)] = 745.9Wpj 
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FIGURE 9.19 


90" 






3.25" $ 




; t = 4.75" 



1.5" | 




deck ctitmtiinitslmanjs &.§&) mcmisMTmtifiJHfnj 

l c* n 1 V in ct 5j j run U 

snjgimwi tilHffiSti C = 21 6. Skips RHfjrafjfflJnTi31ffiRi3T?fll3riJl3mslRl3ra?1i3H 

u 1 n U i U n ct j 



C 



276.5 



a = 



0.85 f' c b 0.85(3)(90) 



= 1 .205 in. 



tfcit|TlhjHHi3Jt)fj internal resisting couple R 

d a 15.69 . 1.209 

y = — + t-- = + 4.75 = 11.99m. 

‘ 2 2 2 2 

lUltU design strength Ei 

(f> h M n = a85 ( 276 fX 1L ") = 235 ft - kips > 156 ft - kips (OK) 



12 



TfifinsfiTRHitifnfi 

Uw eJ su 



V,. 



w u L 1.391(30) 



20. 9 kips 



2 2 
H factored uniform load tables 

</> v V n = 16. Skips > 20. 9 kips (OK) 

swam. tfU l¥16x26 



2. Shear connectors 

tt3irafiTimHtS?H1SnMfdaHHi313fiJrdH patial composite behavior 1 l3tJl3 

iramfififitiss shear connector tntntSfdTBTO full composite behavior StidmdHRmfraSffitisS 
conntector 1 fJIHTO fully composite beam, C = Vj t = 276.5 kips 1 
firmtUjti stud y 4 x3in. ( A JC = 0.4418m 2 )HffitSl|fii3H8fTlfiHffi: 

=2.5 t f =2.5(0.345) = 0.8625m. 

II -in. CUtJ 

- 4 



[[frjtiurfftjy w 
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HtinSmiimMia =-in. (OK) 

n is- n 4 

HimmiHmuimnuamiiMMtiiuM stud 

l «>• in 

N r = 1 

RHMITJM stud nt^tinsrinhinJTJM deck =3-1.5 = 1.5m. = niHHBtmn (OK) 

n c* n i m l rn x 

H AISC Equation 13-1, 

0.85 



iHHimmnuam = 






( \ 
w r 


7 /O 








-1.0 


h 

V n r 7 


h 

A n r 7 





0.85 [ 2.25 



— - 1.0 
1.5 



< 1.0 



= 1.275 >1.0 



1.0 V 1.5 . . 

mHarnimimnuamiiMMti stud 19 1 mthiu f'=3000psi HannHaTiMBiuMraflan 

Liu in U -J C ' U T vJ <3i 1 

E c = w l c 5 Jr; = U5 L5 S = 3024ksi 
n AISC Equation 15-1, IJMMiMaRtritifflHJUW connector HtUR 

1 in cu u 

Qn = 0-5 A sc ^f' c E c < A SC F U 

= 0.5(0.4418)^3(3024) = 21.04 kips 
A sc Fu = 0.4418(60)= 26.51 kips > 21.04 kips 
titsiSSffifi Q n =21.04kips 

Qssrafj stud tarRfmnalBimjBtiiuMntJ aamrnitijtafi 

w L»u oj 1 ct n c 

W = 27M =m 



Q„ 21.04 



ran 14 MTHiumnnnmtiiBH ttotssfimi 28 i 

U n u i 

tflHffi stud HffifdTH'mJSRHffi fiCtflflfi 6 in. wimBBBHnmtninJIBifi 

U li Li V u u 

30 ( 12 ) = 60>28 iiJnigiHgii 

6 

raimra stud HturdtHitintiinnsR tiBiBMHTflifnifi 30 itinnBlfatjiBBBiiBB i 

U X) U V V Liu V Cl 

raws tuimm stud HfurdtHiuntiiuisR isigRtuiRsamtutii 3 ( 6 )= 18m. ttrimBBBiuM stud 
aa 30(l 2)/ 18 = 20 IlJtllflRBtiiaRtHimiM|]mU full composite action 1 UIB fltna flexural 
strength B ytstSS partial composite action HIBSfl j^UjTTlS 1 
Wlfitmti stud 20 uSb fdTBTOBBHffi tftttSS A, ititlKaElj^T = 20/2 = 10 

W Lictuu 1 n 

IG„ =10(21.04) 
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RWfiialnaHSR'ifiuJRi 

«>■ ct 1 

iBHfJfnnmnJiia* fiuaimaTRinimntjiin pna MmaliwimuBiaiti} uMmaliStBaa i 

E*J v Liy «>• eu U 1 

TtJMSra PNA MRIBltSlRIUMtinUBiailS ISlSRfmUBItiHClJStirtfnHItffdtiR mimRiriawtifitiTJ 

U eu u m v sun eu n m 

ttJcuutinmtsifitims d.tao r 

in -o v 

P yf =b f t f F y =5.5(0.345)(36) = 68.31 kips 

B FIGURE 9.20 n ** K 



T -C s = T — P yf = (A s Fy - Pyf )- Pyf = 276.5 - 2 (6 8 . 3 1 ) = 139.9 kips 
IlJtllflRBtiltiRHitJBimMBtiimMa 210 Akips flBia*tmUBll3IWHaTRfR1IIi3RHii3Mi3Rin[TI 

V eu -o l e» r> f TJ eu Liy eu n -na 

RTHIMMlUIUMfllBI ISiHlSSfUtal PNA MmslRilfiJim HJUS d.lQ9 RHiamRRIHSftntimtiElJ 

U EU Ct EU TJ EU 




T~C S = (A S Fy -bft' Fy )~bft’ Fy = V,, 

276.5 — 2[5.5f'(36)] = 210.4 

ttJltUR[UlS1JRRHfjtSRH1r3fi3r3RtSlRl3firitJ IffittSSEUtflS 

n eu n ct eu w 

t'= 0.1669m. 




RtnaMBiflniTRiitinBlTR^tiujifiaiiJR aaraRtiR 



[[frjtiutituy w 
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H FIGURE 9.21 



b f 



'1 






+ 



✓ V 



->~ T 



nintimnitinaainHiriialiWBra^ BHBiuMtRsriitirinmH pna i Hsinwiratifionsi moment 

EU xj PI e» Li ] ts u w * Li i 

strength iRTRinimngifitigTTifi bhsmb i RiiRimmBmmrigRiasMntiRiuMliJnnH y Trtftns 

Liu Li ] is is n 1 ct s Liu 

MiauiBinaRina den 

a ct 

mnti da 



ttRjtiufi 

1 




A 






Ay 


W16x36 






7.68 


15.69/2 = 7845 


60.25 


rmu 

EU 




-0.1669(5.50) 


= -0.918 


0.1669/2 = 0.0834 


-0.08 


ram 

i 






6.762 




60.17 


ii 

w w 

ii 

i ^ 


60.17 

6.762 


= 8.898 in. 









RHMmMURRtiTRItiMtiRiglntirafitiR 

n cii l Li n ct i 

C 210.4 



a = 



= 0.9168m. 



0.85 f' c b 0.85(3X90) 

ct U eu n i 

y + t-- = 8.819 + 4.75- 0-9168 = 13.11m. 

2 2 

lflUnMHHtiMTH1URH1l3Ml3RIBiRti!lJRR 

Ct u Li £U n c* 

V-- = 8.819- °' 1669 = 8.736m. 

' 2 2 

RRHHtilBtURinagim BtiltfimifflltiRlHIUg dlQO ransstutns nominal Strength: 

V U eh xj v i) 



408 



Composite Construction 



IgjimstfifinwmsmgMmtji 



Department of Civil Engineering 



M n =C(l 3 . 1 l)+C s ( 8 . 736 ) 

= 210.4(13.11)+ 0.1669(5.50X36X8.736) = 3047m. -kips = 253.9 ft -kips 
Design strength Pi 

= 0.85(253.9) = 216 ft -kips > \56 ft -kips (OK) 
inrnffnu deck ifflBiatmunHuJimnwin 1 8m. fltsiBsinHarafmi spot weld uUhtrijetu uplift 

L17J UV su ct V Lru ± e-J A 

191 

2fflBZEr.‘ 2. ITU shear connector tiBUttlfTHBlRtilUg dlOlQ 1 

or Li 1) in ^ c* v 



FIGURE 9*22 



<j( beam 



9"- 



9 spaces @ 18" 



(10 studs) 



9" 



,.\ One 3 //' x 3" 



stud 



15'-0" 



3. fnnUitJ 

HsinniraRtiltiHi 



W D = Wslab + Wbeam = 0-500 + 0.026 = 0.526 kips / ft 

A _5wjpf_ 5(0.526/12X30*12)4 _ ^ 

384 EI S 384(29000X301) 

fnnEJimStuu[hnnjHRnusRrml3rdl3R 

n <* 

A, = 5 ^“+ 4 = ^MO/1^-12) 4 = Mi,*,. 
384 EI S 3 84(29000 )(30l) 

mntfiuwmuaintinufitiliauffi 

i i i 



Ai + A 2 =1.098 + 0.418 = 1.52m. 

MtHiumni^miJnnRHHiaiTRimintiiranaiain iRTHfRiiHHtiaBnifnniuMHSRin 

U Lj i Lru v i 

mtuanjR i tr tiiHmatiggtiRtjntiinitiiti bin sa i tr tiiHmatiggaRtjnniuinia b/2n i 



titUIBjUHgtllR 

E s 29000 

n = s = 

E c 3024 



= 9.6 



EUR « = 10 



ripjtmtientrm} 
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MrmnmntfrmuMHsmHNmNuJwmnnBBti creep ggmuwgmrm 

Li i A Li e» 

* = »=»*. 
n 10 

jus d.lam uiJunnHSfnHuitiiaiiJtiiTKfm i mjunurnsfmiHmrirm suuHUsutufnn 

V Lfl -o 1 Lry ct O V 

TRitnButiifmalRasnna dnh 

L»u Lfl -o c* 



mnti d.ri 



t^UUU 


A 


y 


Av 


/ 


d 


I + Ad 2 


lUflti 

1 


29.25 


1.625 


47.53 


25.75 


2.282 


178 


W16x26 


7.68 


12.60 


96.77 


301 


8.693 


881 


fdJU 

1 

EA_y _ 144.3 
' V_ I A ”36.93 


36.93 
= 3.907 in. 




144.30 






1059in. 4 



«Jimtmnm|U partial composite action gt5iB8in|Rfmn|SHHiaBt3nimnmwaiiJwmH 
ustu i n aisc Equation C-I3-6 HthaBBwmnpMgmrm 

Ieff=Is+^Q n /C f (l tr -I s ) 

= 301 + a/ 210.4/276.5(1059 - 30 1) = 962.2m 4 

fnnSimStummsjtitSituririJusnmtiJu 

. 5 w l L A 5(0.400 /12¥30x12) 4 nn „n- 

At = = — 7 A "7 T— = 0.2613m. 

384 EI eff 384(29000 )(962. 2) 

fnntiimtinjunoinjHRnusmtaJitinjHslunfUffiinturauirjUHiujfiujiWHHiasunjjTinu 

n <* 1 o Li 1 u v 

ItUUititUSStUtjIHffiSil 2 n TUtMitiltitilHffiSti n 1 tiGlSS ITU99i3RTHltlIUItlIti 

li X) Li u V U U 

b 90 

— = — 7 — 7 = 4.5m. 

2n 2(10) 

hjus £.b(s su mnu d.cJ uuiisutufunmtuuu 

V V 

I' tr = 920.4m. 4 
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& FIGURE 9.24 



4.5" 

- < > 





■< > 




t 




03.25" - 


; 4.75" 






\ 1 


( t 1 ’ 5 * 


15.69" 

' 


t=l 


~l 








A 


y 


Ay 


1 


d 


I + Ad 2 


rasiti 

i 


14.62 


1.625 


23.76 


12.87 


3.780 


221.8 


1K1 6x26 


7.68 


12.60 


96.77 


301 


7.195 


698.6 


filJU 

l 

I Ay _ 120.5 
y ~ I A 22.30 


22.30 
= 5.405m. 




120.53 






920.4in. 4 



HHtiatswmnpMgmnfiJtiiitSaaaiinitsi r eff H 

I'tr = h+^Qn ,C f(l'tr-I S ) 



= 301 + -x/2 10.4/ 276.5 (920.4 - 30 1) = 841.3m. 4 

fnntlTOJffiiinojffintlnjtjnjnwntJsmtintltuHSImTfritiJinturaRlillaHiB 

V ci & i ci U i 

5(0.100/12)(30xl2) 4 



A/1 = ■ 



384(29000)(841.3) 

fnntJnjfjmH 



= 0.0747m. 



Aj + A 3 + A 4 = 1 .098 + 0.261 3 + 0.0747 = 1 ,43m. 

gti — = SOfi 2 ) = ! ,50m. > 1 ,43m. (OK) 

240 240 

Gtfftu: 3. fnntiiumtsssnjtiifitns i 

or u 



ftffjimijftjmM 
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d.tf. fnniJMtjJiufnilfnfi samitituimf hmhim 

Tables for Composite Beam Analysis and Design 

lalinniHnjimntjMBMmalfiaHSfnmiJR mrairnm flexural strength jnsBamBRU 
wtnn i intnBtiiSniuHaiBHTMTHtiifltiifTiinnjimia* (Hanseii et ai„ 1978) ulamnafiJtiiuuun 

n v n w Utj v in in 

ISlRfl Part 5 of the manual mBfnnUim|MtlItill3 1 IRffiafiintirilR: design strengths JUWTJBj 

F y = 36ksi ~ 250MPa SflfdjWd F y =50ksi ~350MPa 
Sfl SfinmSHHflSQtlJfnn “lower bound” wrcnUTJBitiBRl 1 

V U vJ v ct 

Design strength table tuWHIStkhriotjl “Composite Beam Selection Table,” HTGt|jJtnS 



MUnUlHIunaflJtmnB compact web BtillWWtj shear connector fdJtl XQ n > 0.25 A s F y (ttiS 
RIliimiJtllinilBifflUtiiainMIjnU partially composite beams) 

IR^jnMMtinnilBI (design strength) </ SM n MtjnugmtiJTJM PNA 7 IBtitiBUtiinual 

nflras d.bBJ: itin8MutiniuMtmuBiaiw. ItinmnntimuMRnuaiaiti}. SsRiflttlnjHisRnjiR 

ct u ct n l cu c* i cu 

lM3ffl!lJtlIMmaiRl3MlU81l31tii. SflnJSRIfliSlRflTSSfl* 1 smtf PNA giUtfltilfi (HI 7) TRlStf 

vbct«xcttu c* Li i v Ljtj 

i i 

ItjRRIlilRllJtlllimmmutiiaiR XQ n =0.25 A s F y 1PNA Sffitf 6 fjnlSti XQn ItJtUMRialtiim* 

smfl 7 st3s?nti 51 



M FIGURE 9.25 






2 

4 



tBmnumnflriJTHiulfnRCHfdHird fiuaiRitiRiuMHinaifltiiTRJaaiuniaiiJR 

u u Li ct v ct L-iy y 

nptimslR SammimH: 

1 n v U 



SHfifiKTri <jM n [|)SCTStmptsiRt3Ennt3mpnu design strength of composite shapes, Sti </> b M p jjnttnsr^Wjwj design 
strength of steel shape alone i tHRiih[RiijisrjmratthralGnndjamnt[msiitnsstHnjtdjaRi i 
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1. ITfjMffM I0„ 1 tSitiimJRCUlfirarj Manual fJTtflUfimtihJtifi C UJUJtilfilHfiBtjlti 

U *-■ ri U tu n tu u 

IRIB A,F V , 0.85/' A r BtinWMijlTJW shear connector WIU ( ItJnittSiattnltsl 

3 y J t t i n i 



IG„)i 

2 . tnSwffw y 2 BHimngmi38MutininMiiJnBHiglRBiaMi3RtinialRi3rana!iJtii 

U *s n i c* tu n n <=* i 



EUlflSltfl 



Y2 = t- 



BiniBSTRftnauiiifmalniaiuB d.b&i 

Liu in -o c* jj 

3. ms (fM n |UMBraBltnBin|RilB interpolation 



B FIGURE 9.26 





MUnumiRimai imnsumtii #f„it3tumHmnsint3fnnt3 mimifiHiBHiBiijiMUwuJR 

■u 1 

gh st3 Lg„ t ininBTRfmifitH y 2 tJBiB8inTRfManRHMiuMfninTiJimni3TinaMi3HinM 

Ct ■*-'11 Liu tu V Lru ^ n U 1 U n 

rams luimwiriBiBrniRimaiiBTiiJrTiiTfnmiritiiiRRTHf *i Manual ^islwHmiMTmtjfnsfiJis 

1 o w V Lj Liu v U ^*> 

ghsgh inruMaraimrumna inHarnimiMHmnai«B i 

(/ ct u Li Liu 

mmsn^isfersfmH </> h M n iflniHiBTHfmiMTinuTRnrianTBHiiJtiimBBatiiRa nsm 

‘ J u tu T U fJ LfU Li Liu fcj Ct ~t> <* ct vJ 

inwraRtilrtitn raira yi tiTCmffinsmiagrjiJtafirarjitlRGHisI pna i 

i *s n i ct 



9ff7l/7m fitWKl design strength IUM§HMHlMlBlRtiE|B1ini[m £.9 3ti d.b ttfltUtfU 
Rinaialna Part 5 of the Manual 1 

ct 

rfrm*rM7ar:r\Ei'3')inm d.9 BHWHiMtinBTtiuJimttJR wi6x36 tiiHrastimmcustuntitums 

U cttJvJ u Li a 

RTHlfj t = 5in. BtiBBtiTTJMBmil b = S7in. 1 WMMi3MtifilBl 28 ttiITJMrafitifi f’=4000psi 1 

Li Li cj inn *s i J L r 

mnaMaRiBiRtiraRatiiRiHRBtiiaiRia 

tu n c* l tu u 



rffffinrptiftfMf 
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A s F y = 10.6(36) = 381.6 kips 

0.85 f' c A c = 0.85(4X5 x 87) = 1487 kips 

ran c = 381. 6kips i nHfjrafjunnmtntifdtiri 

1 n tu l U n 

C 381.6 



a = - 



= 1 ,290m. 



0.85 f' c b 0.85(4X87) 

QHimnssnagrjutisimrjlSmsIntnarijari c r 

n i m n 

a 1.290 

Y2 = t — = 5 = 4.36m. 

2 2 

UmmiSlrnimntifrlHffiSti ZQ„ =382 kips Sl3 72 = 4.36 1 turn interpolation 
sstutns 

V 

</>M n = 332ft -kips 

itJimititatiintiiHmaatiiBtitmalRagmtJimfi dla miRimmmH 

o,l O, u e»ct‘ -NJ (U V ct 

juhs iBlintutaPNA HRiBlntiHSRifiuJRfitn 

V n U U rp Ll |J ct O. ct 1 ct 

StfftlJ: Design strength = 332 ft - kips 



?nntifJTH1UHHl3SGChfnn lower bound UJWMRltmtfim I, R tatUSffTIJtnSfiTISHHli 
SGtU mniUMH8fTlHu!tlIi3H1Btlin[m:MfHfnnMTinuaHlJt3m!lJtlIinaia1ni3 design strength 

1 Q 1 o. Ll ct ^ ct ct O O 

table i miMBflfiBuanarnnSmnaiBsntjimBlnrnariitiiuRaiiJtiiBUBtiiBaHHtiiBiiJtiiinB 

''b Ot o' U vJ <Sl ] V 

niMBfnnnafniHimBiHHtiBtitiifnm RtnaiBlniarantin c = Lg„ sa rnanttitBHsmn 

Li e» ct jj cu ct ] '*■— 'At Li vJ < 3 i ] 

utatarfifRiR 

Lry ct 

^ Ig„ ZQn 

c stress in transformed area F y 

iSHTtilRlIMTHtllRIBllBtRniamiRimBl IRIt51tUHHtiBtitlIfnniUMraRl3I13tUBl3HniBraflBHB1 

Ed Liu lJ ct d I u U U | t/ 

iBmfflnmtftBMiTMiB* tRBtimRRtHHmiBlRtimntiHRuraRiBlnaqBitJiJim 

u ui m un ruu ct ct 



^WW^^W:R1IRnJlBltiWBfWBtiWtil 1716x31 tilHffiSti TQ n =241 kips ( BRIti PNA 

CD) 72 = 4m. Sti F v =36 ksi 1 RhllSIHHiiSGtlJfnn lower bound 1 
y v 

fanmsjemtn: tnBpitiiuRaiiJtiitRftnBi|SR 
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A c = 



I Qn 



= 6.694m. 2 
36 



HsmnmniaiiJtiiTRimTHftnBtiiJifTiialRtiiug dlori) itiimmiRimmTRitnBMiamBlnasnnti 

1 L*u ct Lru 1/1 -o ct u L»U 8 ct 

d.d^i RtuifiSffiiasTtJ^SHS RRHHtiinfuHRngltnRinMHsmmiJm 

U 1 v lJ xJ 1 



H FIGURE 9.27 



A 

± 



Y 2 





= 6.694 in. 2 



mnia d.d 



l[b]t3ua 


A 


y 


Aj 


/ 


d 


I + Ad 2 


tufiti 

1 


6.694 


19.88 


133.1 


- 


6.88 


316.9 


VP16x31 


9.12 


7.94 


72.4 


375 


5.06 


608.5 


him 

1 

I Ay _ 205.5 
' V " EA 15.81 


15.81 
= 1 3. 00 in. 




205.5 






925. 4in. 4 



HHi3St5Wffinn?nnl3HHi3SQnJfnn lower bound H I LB = 925/n. 4 

custatuttlnjtnsfiansii 

& 

mum: i LB = 925m. 4 

^PiD3!^^®#:i5rniR[mmEimuii[m dd imiaJfntiiHmMamraMRinaigina Parts of the 

c* vJ -O u u ct 

Manual 1 

titcumitmin: i. muisifn 

nqmumm d.d m u = 153 ft -kips (uJimHBRRumtiiBHBgH) 1 

itflffiftJSRtjl a = 2in. tmtiSSCUtTIS 

'S* v 
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a 

Y2 = t~- = 4.75 — = 3.75 in. 

2 2 

H Composite Beam Selection Table, nWfmUBjlBUJntjH. Bi3 T2 to^EUSl 
design strength GtiltJ 153/f-/dps Rtflf HfmROJjtttomGSSEUtlJfltnS 1 niSfflnnJSttfilftnS 

MiauiBinamna 

3 c* 



tnna d.90 





Sffltt PNA 




</M n (ft- kips) 


rantt 


(kips) 


(itfl tints interpolation) 


V 




Wl 6x26 


7 


69.1 


160 


W14x22 


3 


159 


159 



to wi4x22 tfiiuntitotwirotfitt maitfimwii TQ n tott mishear 

connector tfQStjlti ( HIBIJpBtjliarillftS) 1 WfjmUHimuimBS fiTlREUjti !T16x26 1 miilBl T2 
isr aim: 

VJ "NJ 



c 



a = 



I Qn 



69.1 



0.85 f' c b 0.85 f' c b 0.85(3X90) 



= 0.301 1 in. 



a __ 0.3011 . rn . 

Y2 = t — = 4.75 = 4.60m. 

2 2 

(to 6 = 90w.ntnBHnnE|ffiiui[m ^.ca> 



(j)M n = 164.4 ft - kips 

ngmuunli dd M„ =156 ft -kips tfiHmBtifmfiiramWBHBgH 1 flSttmStfltt design 
strength 164.4 ft -kips yGISomn|ph3UhnSoHlG9StlJtlJRtnS *1 yGRin^SItlUtlfi &Ca Sltt 
flexural strength RttintUfiTlAfJfl Si3 shear strength RjJiU{EriS£iJj4riU W16x26 1 

mjjtn: i. ijtj wi6x26 i 

2. Shear connector 

Stitt imntlJTtt stud 3/4x3m. <1 GSSJIIfij strud tolRffto 

V Ed W Uu 

V(} 69 I , , „ ~ 

N =^L = — = 3.3 ffiR 4 fdTHIflfTIRRtimCUGH tiBIBJMJUH 8 tuH 

1 Q n 2104 L " ~ * 
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Stud 8 ttiH^fstiRClTlR 

M4 = 45 

8 

ntinmBsntiiantinHHarmHHHuim 36 in. tJtsiBsinrniiTu stud uGstfimss i rawsra 

1 m V L 17 J U Li Li 

Ifitfm stud ncu 6 JSfiHi3 RnJlfiBtilMBti 36 HJimtisS stud MiUR 

v ei ^ u i 

Am, Wl =5 

36 

mnammiJtiiTHfmiiJtiiTHiitiin 

cu L»u ct Litj <in 



ZQ n =5(21.04) = 105.2 kips 



iHi§^m|Mtiini3fTin|Timna imtiBtimRRtH EQ n =104 kips tsis 
104 



a = 



0.85(3X90) 



= 0.4532m. 



0 4532 

7 2 = 4.75 - A±_ = 4.523 in. 



Cl Composit Beam Selection Table, design strength Cl 
tf>M n = 1 82 ft - kips > 1 56 ft - kips (OK) 

GtStn: 2. tTU stud 3/4x3m. QSS 10 iBh UJimHtinniM9ffn iBHTfTlimi uplift l5 spot weld 

AT L i i) eJ a c? a 

nCbRClTlR 18m. ( WRIBIbIBIS stud) 1 

o- cu 



3. ffinUiu 



ngmumm d.cs fnmJlUIUMItJngHHBintllBBtlltnB composite behavior R 
Aj = 1.098m. (tultUHsBfitJSRfiritifdti) 

fdTHiufnnE^mSchmmsIatrmmtncijmsimairi imnBiruHHiaBBtiimn lower bound 

Li vJ Li ] Li v 

tatnBnmnti 1 IJU 1716x26 tilHffiSti ZQ n =104 kips (PNA Bfliti 6) SH 72 = 4.523m. 
I LB = 623 m. 4 

fiHBBiBrniraaiBRHHtiBBtiimnMTHiufTiinimBifnniJiuuiBHiiJtiiiRmfffiauIimftni 

1} Li *n. vJ 

creep 1 UtB HHtiStsCUfflCI lower bound HnBRtHRBtili3HHtiBBtlIfTiriH8fnHUItlIl3tiimMt3 

1 l e~i cu v v 1 n 

ttBffiRsncusiliHcuBslitaCusIfnntlTOB^lifTiJiTisfiris i ruMBrauBRitjiira:ititiitmRB 

c3 V n V ^ Li dj v V 

IRHIBIJUHHtSBBtlJfTiri lower bound 1 



w = w D +w L = 0. 100 + 0.400 = 0.500 kips / ft 



tffjftiufiMffiM 
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wimmntfmtoTnJtnn 

Lru c* 

__ _ 5(0.500/ 12X30 x!2) 4 _ smin 

- 384 EI lb 384(29000X623) 

fnntfiHMJUR 

1 

Aj +A 2 =1.098 + 0.5044 = 1.602m. 



mammonsi ^tianjimss cd 

HimmmniJiuiiJtiiinBfnnMTRHtiiauJim iTUHSRifiuta ik 2) iiSMUMfniuBnfiaiiJnnH sa 

1 U U 1 -VA U Ct 

shear connector tflHffiStiHHiistsEUfnn lower bound 1 

U V 

uamnnfrmmmna imaBaiiSMMMtinHMB 2 1 

in M u l—i Li 

RMSIHHtiSGElJfrin lower bound tfiCUTKffTlJ 1 m[mtftUUJnnRRClRTintlJ8[m StiSHStSH 

V L»U U 3 ts c* 

BtiHBtfiMtn !JtiiB*mni^uHBtTnRH!iuiin!iJtmRRi9TaiiJimMiraBmiJtiiHBiRnfTimiritmuni3 

eu ej v 1 m vJ inU i 

“latnS 



„ 5wL 4 5(0.500/12X30xl2) 4 , 

LB 384 £A 2 3 84(29000 )(0.4020) 

fdTHTO l¥16x26 tilHffiStiPNA 3 StiY2 = 4.5m. , HHtiStsEUffin lower bound R 

Li u V 

I LB = 804m. 4 1 H Composite Design Selection Table, fdjWd PNA 3 RtntiRIRRlHBMltiRR 
LQ n = 208 kips 



— = = 1.500m. < 1 .602 in. (N.G.) 

240 240 



A 2 HRUJH1= 1.50- Aj =1.50-1.098 = 0.4020m. 



n 



384 EI lb 



I LB Uj[U[RfRlIR 



iBHTBBtllRtHTRHTRi T2 Sl3 I TB u 

Ed D EU Li L»u L-/U 

LQ n _ 208 



flutiflimBiBflitimMRmtiNtiRiBlRtirafiti 



= 0.9063m. 



0.85 f' c A c 0.85(3X90) 




= 4.30m. 



2 



2 



nmnUHHiiSijtUfnn lower bound UJimin interpolation 
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I LB = 788m. 4 > 782m. 4 



(OK) 



GSSJUfd shear connector itfCUTRlRlJR 

U Liu 



N 1 = 



I0„ _ 208 



= 9.9 tUR 10 fbTH'ramRRtUTlCUHH UfdiU 20 iEh 

U ri c* *v* i 



Q„ 21.04 

J£3ltUfiriJREUlRiUfjjSR deck, stud HffifbTHlUJ'lCUJSR 3 WTHlURCiriR 18m. StitatUSl 

V l) Lj V Li n V 

stud 20 luHl 

tswtsji 3. iwHTuinniRTHJfTijfnnuiTj uujsuss stud n io isl 20 tfiRHtmslRRncujsR 3 1 

or eJ ^ Luj n u u •=* u 



gsiuimfi £.99 uRinitsnJfmffiltiSiUfjRiriR I tiimfdfd composite Beam Selection 
Table fi3{BEUmJR[UlS1 partially composite beam ttitU PNA MRJSlRRHSRlRJfclRgB 1 



£.£. GHtJltl (Continuous Beams) 

WTHlURHSfHfbHm UhnGiSHHRfJSU^TRRSTB 1 GSS connector jREUTRlRlJJSltnSIg 

U c* Li mi TJ u U U U U Liu SU 

9TH Si3QnomtlOiHlSHHi3HRtJJH1Ri3SSmi1R[UTltlJtS13SSfiJJtJT?l!mn fbTHlURHfrlU UtinUJUR 

Li l V U n U 1 Liu Lie* i 

Rtj1Q[lbmSHHi3MSntlJ SRtjISISimTRlfTlJ connector 2 N, MTHimtUl3SHffi?n JUS £.10 Cj a 

lUtlfcJ V Liu IUcs'wU 

URlHinTmRSRHtilU SRRUStRCUTRlRIJ shear connector 1 JSlRUSHHRJfltfHlS RTHltmURR 

Lfl -o U c* Liu V M- U l 

SRjRRHlRSini timSSllSRRISTUWSRin I JSIrRRUSJSS flSRBSHlS composite behavior tt3fl5 

nj ~o V v^>Lie» c* 1 

UUDTRlntmnilUSliJS I UBRS composite behavior JRHtURRttltUmUUlSRJSlmSliRHitiR SR 

Lru Li a w eu c* 

tt3RnTUl3R1HUUlinunslRl3RTUltU 1 H8RlRRHfdUlfi3tt3nJTRjRlJR!tnSUl3inUSlRl3JUS £.|£Hj b 1 

Li n c* Li j ct Liu c* Lru in C* u 

TUMSraJR UURSR1SS JRTR^tUSlUSS shear connector TRUTRlS^HJSStUSlBnRtSRintjlU 

U U Uu nuw Li Li eJuuLi 

iflRi;RR§H SDitiRHlpU 1 

AISC Specification in Section 13.2 taOjsItjtTHMnJfiJTUlUHHRHlljUlS 1 

A n U Li U u W- 

1. ItllffimJJlRtWUMfiJUJUfjttlRRHmniTli 1 



c* i rwn 



2. jRlffiJHUmnJSlRtRRnTRRJ^RRHSRIRMHlMTRfTUPUHSREURStlhSlRnRlH: 

y If. U c* 1 Liu U 8 3 Li 

a. UjRgHIRltR compact SRH1S latereal support (RUfRlS 

b. IRTRftRuIR shear connector JSIrUSHHRhIRHIS ( tUSliGtUlUHHRfiJST 

Uu u cj- su i u v eJ 

Siautuiu H HR ultj U1S HRU JH1 ) 



ttffjtiUtiMfflM 
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c. iflnnrSaialRagganiMgmnTnilnHiBraliauiamRUTma (Brin) 

Li cfc Li e» Liu Li n Li Li 

nMMtiiuMHSfnHMmMnilnnDnwfninTiJimRaTmatnMtitiiHmaa d> h =0.85 1 

in i u UiUtu^u T u 

tUMBIUtRRR composite behavior AISC 15.2 H|Hf9jtDRRH1l3rnHfnHgMUJmiJtlI 
TRftnBitillfiaBnilBIBHHtiHJtiinBHRUnn BtiBnJIBHitoBTHIBRtHRBTfitiIRRatfrnm 

Lru e* 1 UW- l U u U tuu 

A r F yr Si3 ZQ n to 



A r = [Rsjit^rafj^Rn|piaislRi3ssi3|yMSfnnrafjR|Hicu 
F yr = yield stress JUfifttJREIftiti 

nwMtiuiBHtoBBniriRiJumniuJRnTSaHiBfitHnmw msuntussumm cover plate tslfiia 

1 n i) V- U nj in lu Li a ct 

RtlSHHtiHltjHlS 1 

v ty 



M FIGURE 9.28 



f I v f { \ | j |~ r 









¥ 







b 



© © © © © 

"* “ "vrntfnnmi ■ 



© © 



yj Tu /hnm 



(b) 
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d.§>0. ftifiJIMHIM (Composite Columns) 

MMJMHiMTRltnsratiraRtjinjsmttB itiRunastmcu urtitiftitirainmitfimranti u 

Vju Li v ~yx U 1 ~o 1 "vl 

rolled steel shape lJimginl3ranl3tilHm3l3IlJnnTSl3UmTI BtiUJfifitigBtitiBISlnaMMnunti 

1 ct 1 U Cl EUU v ct 1 

nTtitiHuituiuR *i ms d.bd uaiRnnsraasiannss i 

U v in ~o Lj 





L»u «=» vJ ct yctu n n l_i U in 

uJimiTUMHmnJBmri aisc Charpter e uiatiiHmaaniH f v , e sta r ffltuTHitnBimniiBHt 
BBtutiiBtitiiiiJtiiBBtiitnafiminiwiB saRimtuisiTRfRii HsnmjamrdHfru aisc MTmuKtH 

u a w Uw ct 1 U cu 

siaiss imarniTHHriaHTnimnimiimraMMHfTiiMai TUWBitfrRBiBiBfMiBmnwBa intintsi 

Liu Uw U U v 

nMMfiraMHaHMinMiafniMaHtiititiinmawMMiasTiHHRnnMilJRBH. uJRnrSa sarana 1 

in n n win O ct U i 

fltnftnBimUTltsl squash load ItlimfHJtnBlijltflHJ 

P n = A s F y + A r F yr +0.85 f' c A c ( 9.5) 

ttitlJ A s = inBJlttiHSfTlH rolled steel shape 

A r = TRBriltiHSfnnMraraMiiJnnTSaumTi 

» Lj vJ d* i i Li tuJ 

F yr = yield stress JUStfltiREIjaa 
A c = inBpttiHSfnniuMiuna 

rdnrdiijRnmatiiintiJUBmstiiTmfis deformed iflwitiiuMfiBiBtmBtmBiBrTiiiJtiitim 

Li is. E«Jct Li d* -\s u 

mSnmnwmfiuJR saraRatnstu i trstii^hbrir A r iflnjTRftnBiraRiaRiimmaitii nominal 

n H 1 h Li vJ dn 1 i Lry U ct 

area IlJwnHtslTRBriltiIUM!lJRntlTll31lJtlJBiaBHaRl3Hmi]RmTUlil3lJBmal3 deformed bar *1 

Ll vJ <2i t/ - ct n U 1) ct 

Rina d .99 tjaimn nomial diameter Bl3TRBriltiMTH1U9inilJRMtilhl!lJnJR[mHIlJim ASTM 

in -xj u vl a u n 

(1996) SttACI (1995)1 

iHmBBWtnBRarmaMiu mnusnitiwsswtnsnhJHRU d.g uJimtRBnttiiuMiiJRBH: 

E-J u i Li i dn u u vJ <ii ct 



ripjmtinnrmj 
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p Fa 

— = F = F + A -^- + 0.85/' — (9.6) 

4 y y A A 

/\ s r\ s 

RtuiuM F m Jt3cusscunMHmj 9.6 nalmtuiiJtmTtffiaM^TntH F v ialRiawHRiJjftiRiaRU 

tu my u Liu^Jtu/ct n 

Mi3K) ^TtustituturjTHimSnunasuHcu uTtiafflniuiriiTiiiJimraHaiiJtiiraniaMniaiRa steel 

n £ J e» H U V M U| -o i i«^ct 

shape 1 (IlJnnLSanmjIHBtnftnBItUtilHmgailJRnritiBUHtll Uftia (concrete-filled pipe or 
tube) IS titttSS A r HIBBamBHtHMBTMTHIUMMIMinMrainBIB*) 1 

' V I nj U U Li Li 



tnnti £.99 



l£U81t3fi 


HtimtiR 

n 


fR9JTil3H8RlR 


in. 


mm 


hr 2 


mm 2 


3 


0.375 


9.50 


0.11 


71.00 


4 


0.500 


12.70 


0.20 


129.00 


5 


0.625 


15.87 


0.31 


200.00 


6 


0.750 


19.05 


0.44 


283.87 


7 


0.875 


22.23 


0.60 


387.10 


8 


1.000 


25.40 


0.79 


509.70 


9 


1.128 


28.65 


1.00 


645.16 


10 


1.270 


32.26 


1.27 


819.35 


11 


1.410 


35.81 


1.56 


1006.45 


14 


1.693 


43.00 


2.25 


1451.61 


18 


2.257 


57.33 


4.00 


2580.64 



Mtinuira^aufliiJmiJRnaunaraHa fiHBtnBuJRtnnBfiia luim structural stability 

U U U Pi n <=* i l a J 

i i 

Reseach Council (SSRC, 1979) IimBntslIHRimfTinUBmilMMti ACI code (ACI, 1995) ttiCU 
HismH o.7 TRitnBHBiRiBliwRtaiiJRnTSa smuRmsrjHfm 9.6 titssitiiTRiH: 

£u Uy 1 n u Li 1 v Lj 

F my =F y +0.7A r J ^ + 0.7(0.85)f' c ^- (9.7) 

** S ,S' 

F A 

= F V + 0.7 A r yr + 0.595/’ c 
y A c A 

iuHTmimifiSntU slenderness IRTRi!RRTHifllri?l3TRl[nRi3RUnRIUMHl3miJtlI 

Ed d Liy Uy u -vjct r~l 

filHIHITR isisamfimn Em 1 RlIIRRTHilBSTRftnBIBimailJimiRITURtHIUM E 

Li Lit; Lry o vJ Li cu 

gBBltiltRlH: 

E m = E + constant x E r — ( 9.8) 

4 

tutu e = HannHariMBiuMiiJRiTR^aufl 

V r id <in UU fl 
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E c = HgtUlHapfitilUMIUna 

(stiffeness) fJH 1 H 1 [fitSlSt 3 HHi 3 SQtUfnn tinnnju|n 9 pltiM|jnuMMi 



MinMtitiitiiBtitiitiitiitititmntuHHtiaBtiifnn (SSRC, 1979) 1 rnmtinsImafbHfm d.cJ rimbb 

ne»H U v ' ' 7 w Ct 

0.4 MTtnmtifiBUHtu UTtiaiiJniuinrniiJimraRi3iiJnra^nirimnHarmniBmEili3TfnfTiiuM 

U tj-vaUi "nj 1 1/1-0 1m U-o 

ITJfiti 40% sa 0.2 MUnu!lJm|n}l3ufl!lJtlinaURl3raHt3 (encased shape) 1 



fnBBwmninMHsmnMinMnn^arnBtitiifTiriraMHSfTimiJmTmaufi stirafjraciia 1 

1 1 U in 1 




io-UuL iu 1 u J tn 



sQcufnntsHgfnfiraRia ifltuimntimmMBa 0.3iJtiig?HiTn[iniHmiuMH8mRiBlntinti 

11 ^ U u 1 c* ni 

1 

buckling i ^mRtinRmsQmfnnrardHgmRrdHirdtii r m isismsscutns 



r m =r> 0.3 b 

tutu r = mBtsnimnraMHsmmiJmTt^auSiBlnauti buckling 

i U U (n ct cu 

i i 

b =lH1TflIUMH8R1RIUfiIBlRtiTJi3 buckling 

Li 1 1 <=* OJ C 5 



n^HJmilUM Specification 

AISC provisions M|piUMMIMmMinBWll:M81Bflti|niBiBi3HllJnnijunU81i3IW 1 IR 
t|tJ Equation E2-1 St3 E2-3 Cl Chapter E of the specification tSHJRCUlR design strength tks 
RtHJTJM F v , E St3 r TfiftnSCRfdTHClJ 1 IfiTfifRtiltiRItijMHfnJ 9.6 St3 9.7 uShtiSr'IIIR 

fU y Liu Lit) Liu h W e> 

MTHtURlHmaiB* ^ n AISC Section 12.2, RtHIRMTHUJJTJM F v . R 

Liu tu tu Lit) y 

F my = F y + c'i F yr {A r I A s )+c 2 f' c (A / A s ) (AISC Equation 12-1) 

UJtURlHITsI q Bti c 2 |RftnBRRMpnnfTin8M|niflti encased sectoon nig concrete-filled pipes 
and tubes: 

q =1.0 Sti c 2 =0.85 Cd[HlU pipes and tubes 
q =0.7 Si3 c 2 =0.6 M|jnu encased shapes 
RtHltJUJlRMTHWAISC E RtJt3RlIBlBl3HllJtll9THfltDMHmi 9.8 U 

tu UU V <=*. C? ‘J "VA 

E m =E + c 3 E c (A c / A s ) (AISC Equation 12-2) 

tuCU c 3 = 0.4 hljTnU pipes and tubes 
c 4 = 0.2 bljdniJ encased shapes 



ripjtmtimtrmj 
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aisc 12.2 rnirrih r m 9.9 

r m = r> 0.3b 

12.1: 

1. ftimrafaHfirfiJfamBmtiHB 4% iBtnariitiHsmHMiu UHtiRitiRiiMiaRiBRiitiB 

U U n Lru Li vJ <* \ 1 -va n n o v 

MMiiunainnHtiitiiaiBmiiJtiMMiMinM 1 

1 C? U 

2. Encased sections TRilRIHIinRIHWRSimWHRSraiTR'lH: 

Lru as U 

a. IRTRilRITtJmtitauETlTJ StiltiRRti I RCUlRrarjtt3RRi3HSTR!Rtj1i3niR1RR IB 

Lru U OjJ Liu 

‘?H’lTRRBtjli3IfiJTJWIURti 1 TRSTlItiHSRIRJUWUjRIH StiltiRRtiHSTRlRGtjIti 

U U 1 U W * 1 L»U U 

0.007 in. 2 /in. U 0.18 mm 2 1 mm IBRElJlfittiRI 

M 

b. fl|RltRH1SR|HirjraRl3Rlimnt3Rffi1l3Ri3 1.5m. » 38 mm MftnUttiRRti 
atiuJRurnjn 

c. It3RUE]l]nt3flJ{9USR (load-carrying longitudinal reinforcement) [RliRtjTulSl 
framed level 1 ItJRUmTIMTHIUSmURtiHIBlilftBlTRlj framed level. 

cuJ U i n U 

3. IJWMiMTJMITJRti TRilRWRIBlBIBl* 3ksi ~ 2] MPa Sl3 Sksi~55MPa MTHIUITJ 
RllSHSRHRI (HSHIStdStifdniriJlRSfdTHIU /' Btflti 55MP<aIS) BtifflltiRBUliR 

1 ty c3 Li ^ C 1 

4Cs7 ~ 2SMPa M|H1UIURi3gHB|tmilI 1 

4. RtiRliRtlflSI Yield stress Jurat £3RIT^t3tJti BtiUjRnTSmjmTIHBTRfBtjlti 55 ksi 

ct Li U n Li fuJ Liu 

~ 380 MPa IS 1 R1iR[UlR|R!tnSSStUnR1ininjam local stability 1 tSltnEUltiEUltiR 
IT^tiUtitJinSltfltlJraRti flBtiHBmB local stability IS *1 UJRi3Si3inBtfinSIuRtnS 
|RUtRlBIUflHBinBR1Iti*ltiraRt3 (spall) 1 tUMBItfrRMBRlijIURtitnB spall ISllEIW 
lURRHIS strain 0.0018 IBlSRtiTHntiUjRTRfRlialfitiltiRR 

1 1 U Liu c* c* 

F max = o lliax E = 0.00 18(29000) = 52. 2Cv/' 
luCUTRltnSRRtjIRIERtiriRTRH 55 ksi 1 

Liu CU Li 

5. iuHjRIJmJ local buckling IBlfJti pipes U tubes ItJlUUinniUJimiURa R|H1MIUM 
pipes TJ tubes BSTRlRtstilti 

1 1 -va Liu U 
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t = bJF y /3E M|mUH8fnnt3Rim[m!lJWH1B9gi3&ll3It j rTl b 
u t = D y ]F y /SE d 



^£/7//Z^^®i7:Ht3RJt31TlJri!t3rirJHirJ^tlJH1S w 12x136 TRftnBtfimBlfiaMMnunauJnjtnB 

n n Uu ct i 

stri 20x22 in. tiauttirmslnaras d.cno i imrmtin #10 uBiSHtiiiiJRUtnTi atiitin #3 tfiitin 

V in "\a cx ii U u euJ 

nailJtmnBntlTlH 13i/i.UJimnnnHnjI9lHnj1 itiflHIS yield stress F y =50 MPa TUltmmftJ 
itimuptitUWIB Grade 60 1 HWWiMUflhTJHtiR f' c = 5 ksi 1 mUlBl design strength 
wttnujuiiti |UM9fnn 16/t MunuHnjmann 



M FIGURE 9.30 




W12 x 136 
4 #10 

#3 ties @ 13" 



GWOJ: mnonRdminfdj^ftl F my Si3 E m lututnsn AISC Equation 12-1 Sti 12-21 HtHUJW 

tnimiM|jnuMHmiBiaiB*n: 

F vr = 55 ksi ntHitiwnnjimtfim aisc 12. 1 

y< eu 

A r = 4(l.27) = 5.08m. 2 

A c = net area JTJMlTJna =20(22 )-A s -A r =440-39.9-5.08 



= 395.0 in. 1 
fdjWd f' c = 5ksi 

E C = w { c 5 s[r~ c = (145) 1 - 5 V5 = 3904fcsr/ 
Cl AISC Equation 12-1, yield stress 

E my — F y + F yr 



(A r ) 








+ c 2 f'c 




V As J 


LAs J 



= 50 + 0.7(55 



5.08 

39.9 



-0.6(5 



395 

39.9 



= 84.60 ksi 



ripJmtinjtrmj 
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n AISC Equation 12-2, HgtmH9pMt3UJtUIRM|HtlIR 




39.9J 



395 'i 



= 36730 ksi 



rnatiwmri!iJtiJTnitnaimialRtiMHrniHi3Rii3fniMamaAisccahpterE mtstii r Mrinmtifi 

Lru Li ct n n A Li 

tratotrij ti o.3Z? uJimmnHtmimiiJtiiinBntHntiia *i tsimagmtnjcintss buckling aamniffra 

UiJin-vA u m ct *-> vJ 

mjUStiHR] y JUfiifftSEi titsPSi r M{H1UBSfn?m r y =3.16 in 1 ISlgtitJii buckling 
0.36 = 0.3(20) = 61 / 1 . (HJU) 
ytstSS r m = 6 in. 1 1 PT H0 13 Fi Clfl SH design strength 
flti|nM^nUHaHIi3fTlIMaRnHfnilftmi|S F my , E m Sti r m PjSfd^j F y , E Si3 



Part 5 of the Manual HlSfnnt3lSmrdTHmtiht381t3E3tljmf!fnEi StiffliPilUlSlfiJfiJifdHlM 1 

Liu tu 

mnt3maiB*inBniRnii:|MIlJji3|nBa column strength table tslnti Part 3 of the Manual 1 1fi 
axial compressive design strength tilHSRHSlSlSi3|UtJi3|uSsfTinfi3]]BlU concrete-filled 
pipes and tubes StifiJfjnU encased W-shapes 1 PdjTTIU encased column PuRPH SilPuRRilPutUtJ 

intjn|Hfmi aisc fRitnanuumtin inUjsriH r mx /r my rjumumnjimmsisitiEiJ k x l -*■ K y L i 



r 




nominal strength n 



P„ =A s F cr =39.9(76.55) = 3054 kips 
lUltll design strength fi 



</> c P n = 0.85(3054)= 2600kips 
mjfm: design compressive strength Pi 2600 kips 



SfcmtUlSI Tables for Analysis and Design 
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is ft (service load) earn 

1000 kips IlJnitingiailJimBIimmMmiBUBmtsI Bi3UBRHItsn HtiHIBSHIBBTH pinned isltsa 
SI 13 fd 131 13 ^Hraat39THmBHtBlRHMmRR[initlJSriHHmt3nrai nurnnmslms Part5 of the 

aw U«vn n vJOU ct 

Manual uJHjlJJjMWMUJfi W?lJtlIH1BIunl3fniIIlJtmiaURl3raHl3 (square encased W-shape) 
^HmBl3|n^ltiraHl3!lJniHBtilt3imiJtlIint3lSlBltnB 1 IftJttjfi A36 ttififiJJtfiJ grade 60 S13 



f' c = 3.5ksi 1 



Bta/ntffmar: usnmHHnjmRnjm 

P u =1.2(500) + 1.6(500) = 1400%s 

inHmiHiamwinnauaiijtsi rj^nu f' c = 3.5ksi BtintHta r mv /r m> ,i]p[utun l.o tsl 1.22 
itJtumHfnmipBiMBa 1.0 1 itfimfiru 
^^ = 2 >1.22 

K,,L 



K r L Btitutn MBKtjl r mr / r mv =1.0 IBUtTltm9lnl3mnt3tilHmBl3 

a i nix my w w- c* u 

& = _M_ = 18 =1 

r /r 10 

mx my 



sn ni3 simim Htil3i m n titTHM? ti cu Hits m tn a 

U ui m u o 



BinHsmmuna 

i i 


tt5mft?ji3Ut3 


r t r 

1 mx ' 'my 


</>c P n 


18x18 


WlOxl 12 


1.0 


1450kips 


20x20 


W12x87 


1.0 


14250kips 



isiidtjiMMJ 20x20 THfrniiiJmn^auflntitiitsmiJim IntiinsimHTHi^TtiinBinraHaHUTunn 

Lru u U m V 8 3 uu 1 w 



flBIB8HDl3I^MWM 18x18 1 

«rfer.*lTUMMIH8fnn 18xl8 tflHffiSl3 W10xl2 UJnWJIM#8 UStuH Ujfml3#3 tfrltBRfUIR 

or Lj i u u 

12 in. 1 RRnHRJESlHfij'1 



ftffjimtiMffmj 
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X. jmtfmiss 

dl 

Plate Girder 

90.9. tMBRttsB (Introduction) 

tflSiSl plate girder TRftnBIRRHtjl flexural member ItJniHSfTlHIUMflTHitnB^Ifffa 

TJ A Liu 1 L»U tn vJ 

1 

tJjlHI plate elements *1 AISC UIRSRgHSfdn plate girder ttJltlltunttlJ web slenderness 1 Plate 
girder tjl§HRS1l3tCyi3 StiHSffm IlJWHSmnniBJtilltnRHRnfniiaiiti 1 tJJMBraiRHBtnB hot- 
rolled steel shape G|Rtj|fTlSM|Himcyl3 BtimitflRUBfitafi] rolled 

shape tilHffiSti cover plate mBHIBllWMlUHm UIBllWftnumtJrin TtlMBIUtilTHMIBSHBHlB 
tinjllMMtiHHtiTRUTfilB HSRlflllJniHIBWRimrTRiRliriRTtnRlJinBTRftnBtitiiRri plate elements 1 

Cl 1 Cl V Lj Li 1 8 L to U Liu 1 

UIBpMBtutainB{mftitfti ISliRHfj StiSHSJiJfj built-up girder H1t5Sl3R ItlUJIBlMRinB 
IIUtillHMltijaiBjR ytstjl truss 1 



■ FIGURE 10.1 



(a) Welded 



A. 



(b) Riveted without Stiffeners 

Flange plate 



/ 



- Flange angle 

- Stiffener angle 

- Web plate 

• Filler plate 



(rivets not shown) 

(c) Riveted with Stiffeners 
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HSfrmrafj plate girder HIGHISITGSSTHtf 1 JUS 90.9 UtiimnEUSfnnJUfjHSmfi plate 
girder SS 1 SlHikHfnnifj plate girder mSSmmmtflHffiSttfmunnMm itimimiltaRSItflffii 
fntifmtntumjtanj 1 HSmmflHmtiniHlSTSStfni StffiTninnfi torsionally superior shape Stt 
H1ij]^ltnsi|pis1tncutunjm^ffnj unbraced length G 1 Hubrid girder tj1|UlfiSJRtuCUtuRmtJ 
HisnMMt3Gtiii3itlRTgsi3 nMinwssmmtnsimitiTfflfij ^ 

in U 1 tu Liu Li Li 

Hstncut^cumjtlnjTeiftnstTusciJsciJiuj mjRfnmT^^rafdHgfnRRtjifnjnijijamQtJli 

1 O Liu U u U u* U iJ n 1 

RtffnimillSI plate girder 1 ^mifibdSItf Hfb{?ilfnSI§ timSSIfiBSIflslfiulHjfnTI 
finmslTssiattJiuuticuts i 

cu U i & Liu is- i vi &> <2* UU n w UiJ mu 

v ill 

iBjsn mi3msMGHmRl3fTiJ?ifntjBfTinTmjlmRl3HffimjliffiJliR8l3stu8l3^HifritjririmslTS 

l_l 19. ct t Li l) V ct ct Ed cy Ell Li 

stftitmmmislrniras 90.9 bi Ttirnsrammlmi web stiffener itlmmiHfflfimmfnsntj 

1 u in -NJ ct v U Liu V V Liu Li 

fiI|HimmCUtianmSi 1 ^HjltjjfiJliafTlJItnSIlimJIlll stiffener angle Sia flang angle 

filler plate ISllWTSStf titsISS stiffener HTKUJlUn lange angle titnitfimiSlmfitlS 90.9 c 1 TU 

± U i u tu ’ u in a i) u 

i 

MsitnmmmiHsmmmnicii mfnmin cover plate itiwmsTmfmmumHffi tnrasfnmslsa 
rnmiulllj 1 ISlsnmmfm3I|n cover plate tilBffiStf welded plate girder filtfim 
mUmBfnnins! flange plate lUCUHISRIHlfiinajflm ItlCUtaJlJ end-to-end ISlsmflnajflmmH 
tmUTltimifii girder 1 in HimH WfillETl tlhtf GJI Eiim welded plate girder RtUtiltf riveted pr bolted 
girder UfltIlB?nCbfTim31tII|fiJCU SfljjjrdSiTin 1 tEUUntTI JtllTII n I-shaped welded plate girder 

islmatjnmsn 

Ct V 

HSSflnmjndinR|HlmimficiJlfirarij AISC Specification fd[H1U plate girder tmlatfltflU 
TRRnSRIRfllGSISltJ^RnfnnSfiJmmfij plate girder Sfl rolled beam tSHSTI 1 ISISBtfllffitttnS 
Mfijin flexural member ISlRfl^HR “Beams” fit til HI R plate girder mS?T‘[Hf fTl J flexural 
strength Sfl shear strength niftlfiinajA 1 



90. IQ. ffliritfljtimgisl (General Considerations) 

nnritiRRflmJRnflSIITRlfltJfllJlRRfriJtaClis! local stability IJClISflfiJTHimTRlfltJflSIfl 

met UUn nu J -vi LiUUn 

i i i 

HCU 1 iuimrim standard hot-rolled structural shapes H1SE1IR tlfl : hi HI HI Tn u Hi S S II mi local 

u A 8 U u m 



mtimss 
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stability fKJtnsfnmjsm ntnftnBfrinuamiJtijmHHujuiHi i msislunnj^tmmfu plate girder, 
designer T?i!l?lB?inR?ntjliraSlJlCUfnSiiraS rolled shape HBHIBUETTimtfinn ISSl3IMi3 313 

l_»u n U U in U i n 

plate girder ltfltIJJHtimEUS1i3 local instability 1 

nnvinLi mu 10 w is- J 

1 v 

mrmtlior3ni;mtlJrriJ[inmrj AISC provions Mflnu plate girder BlHBlIBiBIimsM stability 
theory tflCfifilftl plate stability 1 UIBIBlRtilMtiinllBJUtnrnimmtllfninjinTHirniraM Specifi- 
cation BtifmHBiRraMillRthnJTl* 1 TUMBraHIBfnitjlUHlIHim BastilMarntmilBH Guide to 

i n i run U ■** o <>- 

stability Criteria for Metal Structures (Johnston, 1976) tilQ[UltSh!|Jd1UG1Ui;BHutlJ tUltll 
Buckling Strength of Metal Structures (Bleich, 1952) Si3 Theory of Elastic stability 



(Timoshenko and Gere, 1961) Sl3|l^SfH£0u1S(fioIS stability theory *1 

Plate girder nnnwiIMMti!lJWinBIUTimintlJt9Bl3 buckle ubiSS flexural strength fTIPT 
iiBBBtiiRRnrmtn fmsfnnfinpRitlnjTRlniTijnfnBriTitJJlimjmni yield stirintJJtifnjratiFi 
buckle 1 MiniamiMamiJtUIti buckle H1QH1 SS[Hi 3 vertical buckling I Sin (3(93(3 tl flange 
local buckling (FLB) tlflHimfimSJilimtllfiJIJ lateral-torsional buckling (LTB) 1 



IBlR(3(BBi3 girder Sfflt31E3thHlSnH1(3mRGnQSmSms1mUSTH B(3IBl(Rl3 UIBllRTI 

c* Lj i c> tu eJU O -va e<J 

Hmiuifn u6lHBl3IT9ni13tnig1ai3HmUI[IJnmiUMHl3n nMm3(m(3IHmfi , m(3Sini Hi3?i(Si3 

xJ iu UU vJn n i U tu -o n Liy 

BfiH1(3fd(3fiH(3fi(S(3 1 fiH1(3S1ITHi3R(S(3HSm(kun'TlIS IRRH1i3fd(3RH(3ri(Si3 UtimfU^TTSSti 

-viiu nnL»u iu 'o n L nj n in iu n n Lry n |J u i 

buckle 1 U[TniB*inBltijMfl43tnBRlHUirajU: (1) IRHIBIpjtiWinjURHMIWRtHIM (depth-to- 
thickness ratio) IUMTBBtiH1BRIHRBWHIlJWintitmjntnRtJt7TlIB*tnB (2) IRHIBITU web 
stiffeners IuHJtfi(3fitj1 panel IfcjHJtfi(3S shear strength (J (3) IfiHIGIjtJ web stiffeners tuHj 



UlSfitil panel ttlnJSijsn3S(3Rfril3fiJl3fiH(3fiTg(3?riHJffi: tension field action 1 JUS 90.1Q B(3im 
HRSRIS tension field action 1 IBlBnJlBUJtljfjRIRRtnB buckling (BBtitnRUltoBmnraMflRti 
R1IBnBWRtrii3Mt3RHl3R(Bl3 IUimRl3TRii3IB8tnBtilMniIBl stiffeners 8113 BtiWltn Stiffener 
SU S£lJS(3Ul3RH1i3h3(3f3H(3R(S(3Uni(I HjimimUBUBWBtiUlaRintiltiR 1 tRTRf m J^TTSSt3 

n iu n n L»u euJ iu n iu Uu O i 

SBS£US(3RB1(3SiniH(3fi(S(3 tiBIB8IBUtnBETlR( tension-field action 1 mntSRinSSHISClJfinJi: 

IU 'O D Lry 7 J U C? 8 

tJGPnsa pratt truss UJWHl3R(BBi3UmmBntni3Ml3R H(3fi(SS(3H(3fi(S(3(SRH1(3Sini titm(3im 
minis 90.1Q b 1 UJimtmitiimMa tension field IRRHIBtnBtlKTRlIRTBBtiBlUlSH buckling 

■=* V n i O U i n 0 
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tftnss flH1BtitlIIHialRi3IIMMtimni3fnniUMTgBatnBtlKTSniRT9Bi3 buckling MSI UMMti 

V v u ^ i n m Ui 1 UU 1 ir> 

MitJSti tfnmauJimilMMtiHaUltll buckling smJMMmrfntmntb buckling tticusstun tension 

i xj vJ ini inLi u 

field action 1 




Note: The arrows indicate forces acting on members, rather than 
on joints 

(b) 

ramsra unstiffened web HBtnBnJ9flinH1B9U9WBtiRH1tiR1RHBiRB IBMRTRitTTJ 

U c3 su 1 n L»U Li 

stiffener IlJtlIinaHtinmM9miBHTmSa tension field action 1 HSRimtiUJTRfRIJ stiffener 

ct Ed n 1 Lru 

tnftnaimUTltil intermidate stiffener stiffener 

Uu V Li V n V 

u m i n 

imnBTfiJmi stiffener uiBHialTRiaBimBUBRBBniiBMTHinimtmiimtifnitTiiTgBariuaR 

Uu o- U l <ij l U U i <2j 

MtiHUJimtilW 1 stiffener ISS^IWSlR^jlCffilStsl bearing stiffener ilfi ffi fl jin ff n fd tTI HI jblu HJ 
SUStmJSRHSlRS 1 flRITlBIBmitil intermidate stiffener RiaintmjlHRJH'ltitiUJn JUS 90.91 

l n c? c* u ct y 

UtiTCTin bearing stiffener lE3MtijlSjm^mUS§BmfTl[lfllnt3nnslMt381t3{SSt3 girder 1 USSluR 
mSH[RJUSmeiUmsi^t381t3nt3mmM Bai|rnHlBlj[ltijMfia9RUBJlI flange-to-web 1 JUMS 



mtfntfss 
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iuirmbr stiffener ^TStiscuusnHsf fi sraju p ufimMifimn ( fTurjsmaitusJfnjQtummrj 

1 61 1 1 ^ V V U 

t9Bi3) IBlMRinBMnwi bearing stress ffiiattiUJtjl 




iuCU A pb = projected bearing area -2 at (CHCUjtJS ©O.CTI) 
mmnBMnMI bearing load bearing stress til 

P = f p A pb (10.1) 




CfUMCUSS stiffener HtfJRtilHtfJSt3TSSt3C£3ClJH1STmJt38THJtnsBfitilfdfdnSClJH1STmJt3 

UVD u 1 U EU Uu U 

niM 8 fnnnBtill 3 RHMIUMTgBti HlimTfiflflBHItifiUfimiTU Specification provision titsHtifiJti 

U & v n Ui Uy n U A A V n 

RiiMtiRtiiBiBtfiuJn Hsmmssrafwsrniirmslmsras 90.61 tiiscsl nwMiaMtiRfiinnntijRi 

n U 1 Lry in^jcty v innw 

BBtiimmBtuHRiRtiutiinMTBBa liJtijmnRiBtiiBaiBtugaHRnHSiBTRftnBRiimniJimTBBti 

U O ct nj U 1 ~t> U O Lry U l 

sautn 

EU 

mBRinRnilR!lJni9BWtnBnR1IHBRIUMUBRBB[inBIBllWW1U81l3IWIUMlBa43 yielding, 
jjSSti crippling (buckling) CUltfJ sidesway buckling 1 Sidesway web buckling CRRHlSCSlCClCU 
RBiaMaRiglRaTBBaua^TMiuiaRiiBifn buckle fnHssm tjiRRRtagjnBmRHiBialin cticu 

eu n u i n t J EU -o i v 

fmdHSH1SCUgjTinTfitjTmSTtJ331i3Sl31jCUSlCS'f?niCSlHRrard stiffener tl lateral bracing 1 

eu e» Li Li Li -o -\a 
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■ FIGURE 10.4 P 





7 


j 

— ! 






i 



] 




snusjijrj[Hiurnrfimm^t3umurj plate girder {RltnsfiansitiijmsamjEituisiRtin 

i 

tijinJigiBjflliJn brubjii fiang-to-web iniingugwaanHiamHSTiHBMiiJmalintittinsifia 
iratotrisrin nHiiamriHsIfistss rttftnBimtnlTji shear flow itirotiigiglTRftnBRRtfinrihiana 

u u n tu in Liu v l»u g* 

HmanfnruliaiuM girder iBmmBBUBtmtfimgmjBnn ntton £ shear flow ifltutumw 

w n U w O y 



elastic behavior jjnftnScjjlultll 




irnm MHmiBiaiBstiiMHfni 5.6 MTmunarsnaninafTimiJtiiHimiiJimggiaiuMutiRHiamHi 

Li i Li m 1 tu tu 



ii^mwiiiHtiigiglRinarnHHBiHaiTunini tJBiasraMBiurairamitinniJimiiJtiiHBtiiu tsis 

V cu l n U Utj V U Li O 



ntinmuMfiBa!|U|utmg1mHiBi«iJi i 



90.m. R|BfmntJM AISC (AISC Requirments) 

R|HffTIIEiJ^HlU plate girder [d j ul S iJ J tl Jl tl Ji Si n 13 Chapter 6 of the AISC Speciffication 
luitB Appendix G HlSSffi1ffinifntUiJnflt3RlafTlJHS!drafj plate girder 1 

tmstjl flexural member |HftnBBlHB[iniH§lRtil beam U plate girder mtfim fifliallRtil 
HSdHStSlSti web slendemedd h/t w ttitU h ^nHMIUMtBBl3Bim8ttiBli33i3IUMW1U Bi3 t w 
tj1R|H1fjrafd[SSln JTJMBIU h/t w <2550/^/7^ <§1R IS ) h/t w <970/Jf^ (SIR US) 



mtffttfss 
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HiJRTKftnaQIKBnJTlKtjlRlSl beam tuiminTfiiHBififnniWfllTJTJM AISC Chapter F ttfttUHS 
nntslHamBMjl bult-up n plate Util hot-rolled shape 1 {UWBIU h/t w > 2550 / (SIR IS) 

plate girder ItflmiRtHfHBfnmitiWfijJUM AISC Chapter G 1 tjti 
ISi flexural member UjCUHIS slender web ttitlJ slenderness [RftpSRtUlfnslRti AISC Chapter 
B |RffnSRRtfl plate girder 1 GCljflttl ISlinUJUJUJimfU hybrid girder HtHnilllHIUM h/t w R 
nnnw F yf yield stress JTJWM1TJ 1 HtmUlRRtfl tlJSmurj{SSt3{U131t3St3 flexural buckling Rffl 
[fdfUSfl strain ISlRtihJlU (Zahn, 1987) 1 

UjHJUttl vertical buckling IUMimUI9lRti|9Bti AISC Appendix G2 tnSSjSauSiltinfi 

(width-thickness ratio) ht w 1 RlHUJtlJfiimniBMjl 
HSnBSiSlSfl aspect ratio a/h JTJM girder plate UJtmfititmffjURtmHIUM intermediate 
stiffener IWRHMTSSfl (IHHJIU9 90.fi): 

n U i v 

rd^HIti a/h <1.5, 

— < 200g ( g 1RUS) A<JAA (giRiS) (AISC Equation A-Gl-1) 

f w -\]Fyf \Fyf 

Mynn a/A>i.5 . 

— < , 14000 ( SIR US) 

t w ^F yf {F yf +16.5) “ 

— < , , 530 , (gin IS) (AISC Equation A-Gl-2) 

iufU a tfl clear distance Jflfl stiffeners 1 



» FIGURE 1 0.5 
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90.6. (Flexural Strength) 

Design flexural strength JUfj plate girders n t/> b M n , tutu (/) b = 0.90 1 Norminal 
flexural strength M n titllina1lWM1UIl3fTlI9im yielding UfihJimafTlIwaK buckling 1 1RH1G 
nnnn Bucling strength J U fd £G1 U Jti fR i Ed ti ?i i ul Ld flang local buckling (FLB) tJR lateral- 
torsional buckling (LTB) 1 Vertical buckling rabj^UJt3mJrdtims1nl3|SSt3{RftnSomQCTin 

AISC Equation A-Gl-2 sa A-Gl-2 (Cooper, 

Galambos, and Ravindra, 1978) 1 



Tension Flange Yielding 

ntinn tu. narsntjnHHHunnialna flexural member itJtmmamtmsIsaHmgiamrjfi 

V i U ct U U tu 

n 




ttiCU S r tilHanJH8fnRlH9TlMB (elastic section modulus) ttafUHfilBlti 1 MIlMIMHfTlIHHti 

v T l U u tu v 

HRtilHSRHSlSlSiaHSEUHSfTm BtifitiTmti tfiSSEdtilS 

i v r i i u u 

M = S x f b (10.2) 

AISC Appendix G2 cjj nominal flexural strength lutUPBBtUbBtJiilfTliSinilutU yield til 

M„ = S xt R e F yt (AISC Equation A-G2-1) 

ttitlJ S xt = elastic section modulus itinifdltilinJSItiltinJitimimni 

R e = IHRlUl hybrid girder 

Fyt = yield stress JUWljJimtifTlIffini 

iBntin hybrid girder R e tbJSti 1.0 fd[BTB nonhybrid girder 1 id [BIB hybrid girder 
R _ 12 + (A w /A / )(3m-m 3 ) ^ io 
‘ 12 + 2 (A m ,/A / ) 

ttitlJ A w = < 1 0 Ay 

Af = TRariitiinMRnmafniMan 

m = F yw /F yf crniRimniBsnMijnumBmnnimniuMftJiniamimnj yield i 
MIjnUhllUiamiMaH inmtUIHRim hybrid girder ttiJ h m fftftnBfiimRnjjti) 1 
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Compression Flange Buckling 

Nominal flexural strength tt3W[RfSflhJimtfR1IfbtfR buckling fflffinWMHffll 10.2 ttiJ 1 

H AISC Appendix G2, nMMtilBStHJtnaMUMItil 

M n = S xc Rp C R e F cr (AISC Equation A-G2-2) 

uJtu s xr 

AC v x i vJ n 

R PC = elastic web buckling 

F rr = Rflrfnflnmg^imslRarmuramrrdflmStiJEmnth ltb u flb 

c/jULictctni n -vi 

R= tHfitlll hybrid girder (itInJRRitllffirdHfTIJtiQmfiJTHItjfiJliJJflfriJSini yield tHS 

c \ J *- 3 TJ c* U EU -O ■' 1 Cl 

m = F yw /F cr ) 1 






IHHimmnUBmnMMfiraM plate girder R PC [RltpSltfltH 

a,. 



r pg - 1 - 



1200 + 300a, 



f \ 

h 970 

\J\V yl^cr 



<1.0 (S1RUS) 



f 



R PG - 1 “ 



a, 



1200 + 300 a, 



V 



h 2550 

■J^cr 



<1.0 C SIR IS) 



(AISC Equation A-G2-3) 



(AISC Equation A-G2-3) 



a = A w / Aj- <10 

h r = tiinmnilJl3ngnifi9HBI9llti81i3nl3IUMWlUIl3miMl3H ( h=h fJTB'lt) girder 

C i/ u 1 (/ (it ct tu n c Li ' 

1 

tt3cu HlBMmiMffl) 



Rfl|?nflI|Tn°||lR F cr mum til lateral-torsional buckling fl flange local buckling 1 



AISC Specification IJUBHRMtTp 2 , A p Sfl 2 r tS HJUfl S [fill tilth B til Sfl slandemess para- 
meter M|HiuMiBmnntiiiRmtifii iwmimtuBJMBtaMHmi8im|mHM|Himfli*|tmm F cr i 



MHmjTRlfnsiJfliniisIsisiRflsTHflnsifiiJsijiJstiRflijniiflijnTifinfTiJtaCu^i i ratmti lateral 

L»u in -vs c^Uninric* cy n U 

torsional buckling tPTt‘[tJ slenderness IStljRJBfjRBStdttRJBfj girder fcitstSo 

(AISC Equation A-G2-7) 



2 = ^ 



3 300 „ TTC 'i 

2„ = , ( SIR US) 

p 2 + ‘ 

H 

2 = , (SIR US) 

r ~ 



792 

2 p =^= (SIR IS) 









yf 



2 , = l985 - (SIR IS) 



yf 






(AISC Equation A-G2-8) 
(AISC Equation A-G2-9) 
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iticu L h tfi unbraced length sia r T ^matswmnii3jnHRji8jimM|mmgRigH8fnn!iJtiiinB 
wiuiamiMan BtiHmmmnaTBBaninitifmwtin i wthiu girder hjrarsEju BtmagtMtjmfnfi 
TtnHffiiaRHfdTSSln (tHUJITJB 90. S) tsos: 

Lj u n u 1 V 

jjjmbiu a<a p , mmnmnmsjmSituriJir yielding 



^ cr Fyf 



(AISC Equation A-G2-4) 



tJJMBIU A <A<A r , mnsifininm^auJirawiI inelastic LTB Stt 



F cr ~ C b F yf 



1 — 



\A r ~A p j 



< F 



yf 



(AISC Equation A-G2-5) 



tt3CU C b fttftnBfljUJim AISC Equation Fl-3 1 

tufiaiu a>a t , mitnnaamm^lauJimtmi elastic ltb stt 



F = 



CpG 

A 2 



t£3tu C PG = 286000 C b 

M FIGURE 10.6 



(AISC Equation A-G2-6) 
(AISC Equation A-G2-10) 




NtmuimmamiMaK buckling ItJninnuw flange local buckling tituiujugBiaiw 
fiflnw (width-thickness ratio) BtilflBnnilHIUMflR: 



A = - 



2 G 






65 






( 81 Si US) 






170 



yf 






(AISC Equation A-G2- 1 1 ) 



(81 Pi IS) (AISC Equation A-G2- 1 2) 



yf 
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A, = , 230 ( SIR US ) A„ = , 605 ( SIR IS ) (AISC Equation A-G2-13) 



Vp 7 * 

ttitU k c =4/Jh/t w , 



■J F yf ,k c 

0.35 <k r <0.763 



tsn§: UIMBIU A<A, mitpRaaiRRI^UfimwiI yielding Sl3 



U Cr F y f 



(AISC Equation A-G2-4) 



JUMBlS A <A<A r . RIItnRBtilRfil^tiUJimMlI inelastic FLB St3 



F cr - C h F y f 



i-I 

2 






Vp y 



<F 



yf 



(AISC Equation A-G2-5) 



ttitU Cu =1.0 



{UhJSW A>A r . mitnmRRIfffauJimftni elastic FLB Bti 
f pg 



F = 



A 



ttitU C PG = 26200k c 
miRIUlBl flexural strength ^tftnBUiflnilSlRtigmtmnn 90.9, QtlllQ (a) 1 



(AISC Equation A-G2-6) 



(AISC Equation A-G2-14) 



90.H nMMijRHItJfTlR (Shear Strength) 

Design shear strength Jtifj plate girder Pi </> v V n iutU <f> v =0.9 1 Shear strength PjI HS- 
RHBIBlBatiWinjURHMIWRtjnM (depth-to-thickness ratio) IUM|BBti BtifiUTlfiJTJM interme- 
diate stiffener <1 Shear capacity HISUtfUWfdtKfl: WMMtSHBinW buckling BtitJWMijlTmm 

1 J eiin l n i 0 i n U 

until buckling 1 nMM6l|mminWtnRMinaiBiltii tension field action ttitumtsHistusfnn 
UlSfiltfimtmiiRtnBJTJW intermediate stiffener *1 TUMBItJHBfflBifitnB stiffener URHlSflfmR 

n n U n -v* 

ifltunpmnn flRHSHIGHIS tension field action Wlttf shear capacity HIBHIBtRIIMMijHBintll 
buckling 1 Nominal shear strength UjtU^JtultU AISC Appendix G3 HISytsSIfltjjTIH: 

(SIR IS) 



fdTHIli —<187 p- 

'w V F yf 

V n = 0 - 6 A w F yw 



(SIR US) —<491 p- 

^ V Fyf 



• li 1 k 

filTHTO —>187 p - 

V F yf 



(SIR US) — >491 pt 



yf 



(AISC Equation A-G3-1) 
(SIR IS) 
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V n = 0.6 A w F yw 



C„ 



1 -c„ 



L. 15^1 + {a/hf 



(AISC Equation A-G3-2) 



ItftU k v = 5 



(a Hi) 2 



5 mfdsra - > 3 
h 



(AISC Equation A-G3-4) 



= 5 rawsra - > 
h 



260 

WtJ 



-i2 



AISc Equation A-G3-1 §JSf shear strength iSlinCUtutUCTSlHHIS tension-field action iUltU 

yielding 1 AISC A-G3-2 mitimtU tension-field action 1 ifmmti 
rdnrdJ AISC Equation A-G3-2 tfl 



V n =0.6A w F yw C v +0.6F yw - 



1-C„ 



1.15^1 + {a/h) 2 

HgSHtmslRl3fiJHfnJ81l31WlSitjl web shear buckling strength post-buckling 

i 

strength 1 iHntin C v tilts ElJItajtJ critical web buckling stress tEU web shear yield stress 

Lru V U 

rd|Hltfl87 p^<A<234 A_ (US) 491 |A_<A< 614 [A- (is) 
v A/ ^ v A/ v A/ v A/ 



c v = 



187 ^,/F, 



v/ 



h/t u 



(US) c v = 



49lJkJF 



yf 



h/t u 



(IS) (AISC Equation A-G3-5) 



fd|Hlti A > 234 I— 

V A/ 



(US) A > 614 A. (IS) 



*■ w 

44000k,, 



C , = 

{h/t w ) 2 F yw 



(US) c v = 



*■ w 

303380k,, 



V 



(IS) (AISC Equation A-G3-6) 



(hlt W ) 2 F yw 

AISC Equation A-G3-1 SD A-G3-2 ^ftnSfd|HtUiUlffi?nrU3I£3tU§J 
tSlfii3 Numerical Values section of the Specification 1 Tables 9-36 Si3 10-36 S1RSi3Si3tiiri 

A36 ttutu Tables 9-50 SI3 10-50 fd|Him£3m£3tUHlS yield 
stress 50ksi~345MPa i mmssisIgtigmmitifisitiHsi 

Tension field BSmtsmtiHIStnnitSlm) panel SltitstitS 1 
smiki tension field mnswitimtinratiinitslEtiras 90.nl i ukifriHSfiJijmTJTRJtnssmtJiffi 

i tn in <=* v pi euJ Lm 
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stiffener 1 Tension field PSlffiti panel CD jjni til S J R jl fUS tiiul tff tension field tslffifci panel BC 1 
tiGIBS panel BU3nl3THftnBtjRtilUUJlB[I panel UJtlJIBllfiTI 1 ms panel AB HSHISfmtimsISlia 
rams i stiffener giiatsaiiJniHimmiBHTBUBwminmiJnnM 

c/ n n i w 

tension field mtfim RflHBlSmitilfTlItsmiJn l tfl ffi fill I tension field HSmfitflSISlraCTlfiHfj 

c? n n 

TSS13 EftHSS internal stiffener RTtIElDHaafTlinH8«lJtmRHn tension field tonjmiBtniSlnia 

Li ] i) Li tu -\a ct 

panel itiUJIBllfiTJ UIBHHtinRIBSHBMBlBIB “1 lJtiIB*mitsRtilUMTinU panel BC TPiftnSPaElj 

L w i n v v n U A Liu o 

fj]IBl8H3lHtiUJlHJ beam-shear panel EJIMJtflti tension field panel totOSUttlCTl 1 yt5tS§ 
no mi nal shear strength RutsPOSti flexural member lutURIS tension-fiels panel 

o 1) ct v/t> A 

V n = 0.6 A w F yw C v (AISC Equation A-G3-3) 




Qnd1trifdHfriJ81l3iChiSitj1Hi3SHffirafj AISC Equation A-G3-2 1 Tension-field action 
HBtRftnBHBtTpHM|jnU hybrid girder UIBlinW a/h> 3 msiintU a / h > [260 /(h / t w )] 2 (to 
mtlT8imTfnmS1l3nnSST?i!fnSi3 k v = 5) *l tiBIBS AISC Equation A-G3-3 HBiRIBlntiWlBmn 

Li Uu Ofc V v i in ot 

sims§ i 

AISC G4 WjunutillHHBtftffTlI intermediate stiffener TSltCItU h/t w < 418/ 

(81 Pi US) U h/t w <l091/^F\^ IE3mSims§raQUmCTSQ8im[]TlH 1 1SlintlJlStlJmS interme- 



diate stiffener a Hi > 3 Si3 k v = 5 cjj 

c 418 /JfZ 

h/t w h/t w 

h/t w h/t w 



(US) 

(IS) 



raitU nominal shear strength 
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0 . 6 A W F W [ 418 /^ 



hit,. 



(US) V v 



0 . 6 A w F w [l 097 /^ 



h! t„ 



(IS) 



titsiS 



nsimmtiw t/h w <418/ (US) h/t w <\09ii^ (is) 



v v > 0.6 A w F yw 



mSMHfTinSiTRfStittJSRnORgrjlJta?! (shear yielding) tit5iSSMnilta3TfilWSt3mtsni IHtilB 

in Uu n i J c>/ v m L»y 

V v = 0.6 A w F yw (AISC Equation A-G3-1) 

tuEUtil nominal strength iSltnCUioCU h/t w <187 ^jk v l F yw (US) hi t w <491/ ^k v / F yw (IS) 
|UMBraiRHBRH tension-filed action iSiSlS IRBBUJtnB shear strength H AISC 
Appendix F2 gt3Bli3I[fTlH: 

h ' 

<187 J^r~ (US) 

t\v F yw 

(AISC Equation A-F2-1) 



M|jnn — <187 

t-u ; 



yw 



V v = 0.6 F A w 



MJtnU 187 i < — < 234 

Y Fy W t w ^ 



yw 



(US) 491 



k„ h J 
1 < — <614 



F yf f w 



(IS) 



yf 



V v = 0.6 F yw A w 



V v = o -6F yw A w 



187 ^jk v / F yw 
h/t w 

491 Jk v /F yw 
hit,.. 



(US) 



(IS) 



(AISC Equation A-F2-2) 



fJTHTO —>234 
t,„ \ 



yf 






UO 2 

182 JL 



V = A 

r V 1 A W / \9 

{h/t w f 



(US) —>614 
t,„ \ 



(US) 

(IS) 



(IS) 



yf 



(AISC Equation A-G3-6) 



MttiUHfi nominal shear strength [RftnSR[MR$Gmm{jTIH 

1. Rflfl Pi aspect ratio a/h 

2. RQJ1R k v 313 C v 

3. fd^HlUfRU panel JUfd hybrid girder SRfdjATij panel SltifttiJtJfj nonhybrid girders: 



TUMSra —<187 
t,, \ 



(US) —<49i |A_ (!S) 



yw 



yw 



U, = 0.6 F yw A w 



mamas 
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ftJMSra —>187 P- (US) —>491 
t\V y F yW t w ^ 

V v = 0.6F yw A w C v 



yw 



(IS) 



Mtjnu panel utSlSjfiJtlfj nonhybrid girder tutUHlS tention-field action: 



^ a h k 

Ejmbiu —<187 — ! - (us) 



yw 



V v = °-6 F yw A w 



juwbitj —>187 



i f. 



V v = 0 - 6F yw A w 



(US) 



c„ 



— <491 

U, 1 



— >491 

U, 1 



yw 



F 

yw 



(IS) 



(IS) 



i - c ,, 



\ 



1.15^1 + {a/hf 



tension-field action "EnStlHSi n provisions of Appendix F2: 



TtlfdSra —<187 
U 1 



(US) 



yw 



V v = 0.6 F yw A w 



furjsra 187 



, i<A<234 i 

Ft A F 

yw w \ yw 



<491 



(US) 491 



(IS) 



yw 



kv < — <614 (IS) 



F yf tw 



yf 



v v = 0.6 F yw A w 



V v =0.6 F yw A w 



187 Fv / F 

hit „ 



yw 



491 Fv/Fyw 
hi t w 



(US) 



(IS) 



~ e* h 

pwara — > 234 



U„=A W 



u v =a m , 



V J yf 
26400 k v 

PuP 

182& v 

JhltJ 



(US) 

(US) 

(IS) 



>614 



yf 



(IS) 



mifitUlR shear strength fHftnBUjlimBlfitiEimtmnji 90.9 GtlTIQ (b) 1 
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tUMBraififnimi intermediate stiffener PuHjSSW shear strength pupiBIBlintlJltitlJ 
imp tension-field action pgpttiHSfnHHUJUIiniUM stiffener PS1CU URpftnsfjjPtfltlJ AISC 



Appendix G4 Pi 



^ St 



yw 



yst 



0.1 5Dht w (l - C v )—f— - 1 8t 

</>v V n 



>0 



(AISC Equation A-G4-1) 



ItitU A st = pgjlltiHSfTlHMIuraM stiffener UJwpiRIHBlinnJUJnJIRip tension-field 
action 

F yst ~ yield stress JUfd stiffener 



D = HBRH3I39|HtiITJM stiffener 

= 1.0 fdTBTO stiffener Pi (itiRIRti UUjRTJB*) 

U V "\a cn 

= 1.8 Mflnti stiffener itiRIRtilBltlJ 



= 2.4 MpiU stiffener ujRTJBM91tlJ 

inrnifniTnariitiiiJtiinimmiJim aisc Equation A-G4-1 iBmsustijsauanfnaumTnufij 

Lm u vJ di 1 w pi cu fuJ 

Riril3fJi3RHi3RTSi3PSlfii3 panel 1 Table 10-36 Si3 10-50 PSlfii3 Numerical Values section of 
the Specification PutUc|jSl shear strength tufUtUintU tension-field action PUltURcjjPafci 
itilBiTRBTlIta stiffener IlJllIBitnBIlJimMIlJi3^mRimiBm9riltiTBBi3MTH1URIHltili3!)IUM 

7jLjvJ<2i Li id <£■ Li i Li cu O 

a/h Si3 hlt w 1 

HHtiBBtUfnnHUTUimiUM stiffener IlJllinmi3tUBl3HmiBlnautilUMTBBa (PJfdTBTO 

V Ed LJvJctniUi'oiLj 

i 

stiffener IfflUIUSjUBtiltilUM stiffener IlJ[lIU8BtipBti) jjnftilS^jPSlRti AISC Appendix F2.3 
R 



1 st = at li 

ttJOJ j= 2-5 - - 2 > 0.5 (AISC Equation A-F2-4) 

(a / h)~ 

PSIotJPjl intermediate stiffener H3TRitnBR[li1BltilHl3RIl3R1IMaRRUJim RRlIR[IIlRtillII13tU99l3 
IWRpiMMpitiltijMfia local buckling H1BpftnBipRi3R1IR[mRMininpiUMH8R1R 
stiffener 1 Table B5.1 Si3 AISC B5 HBHIBRIIIimmMpiU plate girder stiffener PS 1 UJBRWlfi 
PaEUPtijPJ SSmmn^HIfjfjpiU outstanding legs mfdPt3mRl3mt3tlJtilUpJtnSP|pPSlSPSg 



mttfrmas 
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b 

t 





(IS) 



giUJlfifllB fTlitfl bearing stiffener iUHSuiGISIS intermediate stiffener 



^TTsnjimumTmmis tJtjiajruiiaiuMfuntiintiisjinaTuifastiitiRHMTgBa h itfimifiinB 

, J Li m -o v Li suLisu n U 1 

itijMftaainmtiWmiJnraiimniHRnfnil^R^JlKJlP I iraitiRlH Appendix F2.3 of the speci- 



fication TtlliaiUM stiffener HllHMmalnailJBRimmiJtlltiHimifiaBRUBrilllJtllHfTin stiffener 

Li u <n. cx t/ vJ 

nslrssa BtigRUBmuJwfimmgBtiiglftnmtiRiigim BtnmiBSTRftnBWRiwitfim c lalfitiiu 

U 1 O M- U | m \) «/ Liu ct V 

9 90. RIIRMRIBlBIBISUBiglTtnHBmiaiBRTHlMTgBai 

u*>- suw Uu UUi 

RlIRimRMHIHltRHSRlRIUM intermediate stiffener UJlHJRJBIUM AISC HSS'lHS'lifTli 
RimaiRHiaiimHmig uiBRiritiTfiilfiitiiri stiffener tsirssta luimRiiRmnRilRTRftnBRnjiBi 

su u l n su Liu ^ U i w- u Liu 

M|H1URH1i3IB* 1 Basler (1961) InflSI^jlfU shear flow 



/ 




( 10 . 3 ) 



Intemittent fillet weld HUJUIin9Bi3til|RU|RlB (Salmon and John, 1996) 1 HlSlfifTIJ 
tonsin AISC IBlRti Appendix F2.3 ISltiCUSlHSli clear distance QtSJ? fillet wled lltiCUHStiTO 
HBfjjdtjlti 16 t w U lOin. ~ 25cm 1 



N FIGURE 10.8 





90.e). HSmurtBRIICIR BtJRBItJR'IR (Interaction of Flexural and Shear) 

n ni 

tilBigl Ri3T?fli3Tfii313llhfiHffifii3TSSi3Jfiftf plate girder RtilUB«BRB1l3R1R StiHBiinfitfl 

V l Li Li | u ct U l 1 ° *J su V 

l 

HBIBtiRl3TRil3HRnHBtili3nflRl3TRitilJigigtR i tiisisl RtiTRiiaitinmBnBiJHBinBTJiTmg TU 

U l Li vJ tn 1 Li U U 1 Li O in Li 

MSTOHSHIS tension-field action ItmJHBIHUTIBRintiR'lR Sl3HHi3nfiTfiJfnSiijltUfil3fiJ[lfilSS 1 

Li en su v Liu c* 

mMsratns tension field, RaTRiagirnHaRTgaBaigliJwmRSMutiR mimmrasifimsriti 

Li 1 Li D Lru D 1 *J 1 Li 
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TRftnsntrunjTi i aisc BiHginiiHaiHiriTninmalintiiHiB tension field tfiHffistiRHitffrm sia 

Uy n Uy u cu 

HHtinri 



0.6cfV n < V u < (/>v n 343 0.75 </>M n < M u < <fM n 

ttJcu d> = 0.90 i JiTRilnmncriMHfTiiHBmiriBitiiTmH 

T Lry -o n U 

M V 

— ^ + 0.625^ < 1.375 (AISC Equation A-G5-1) 

<f>M n <f>V n 

miTRRnBRTMTmuHBiHiriiuMHHiarin sanHiamRTRJtnsuaifTiisiRagmuijnji 90.9 bwib 

LnjUUci y su L»y in c* ‘ i 

(cn 

90.ft Bearing Stiffeners 

IR|nfmi bearing stiffener i^innJ|SSl3HSH1SUMMt3[RtjpSM|H1ijmSfnnfian?infl1 
EffitS web yielding, web crippling, U sidesway web buckling 1 fdlSfnnRQnRSnRiSS^nifilS 
EttinitSlRif Chai'pter K of the Specification (“Concentrated Forces, Ponding, and Fatigue”) 1 
Mjjnu web yielding, design strength IUM|9Ban <pR n loth ^ = 1.0 Bi3IBlin[lIllJtmiBRMRia1 
BHimiMBaRHM girder nSItitSti 

R n = (5 k + N)F yw t w (AISC Equation Kl-2) 

IBlmtllllJtmiBnMmBiBinmRBtiianHM girder nSItitsti 

«■>> v n ° i 

i 

R„ = (2.5 k + N)F yw t w (AISC Equation Kl-3) 

tticu k = BE1ffinit381l3ITfiirafjfmEISllSi3rafd fillet ISliWTSSti ( filTHlE rolled beam) 

& Li cu Li i Li 

msl iBtirafdSfiUSJlI ( Mflnu welded girger) 

N = JTJtitilUM bearing raMUBRBBimBliJnifiMinHgMraMHnjuinjnmraM Sitin 
( ESRBtjlti k WTinUTUftfiHBti) 

y Li Li v* ] 

(itSiatnBntunnriwiBfTinRniimajiainafiriR n isiuim) i 

M|jnn web crippling raRtuiiMfdti ^ = 0.75 BaialinnraaRMmairaianBBHimmR 
RWTlEUREfd girder Htsti 

ci n 0 i 




ftlTEIU — < 0 (AISC Equation Kl-4) 

d 
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girder nBtiJUM girder 

^ A 1 - 5 



R u = 68 t~ 



1 + 



4— -0.2 
d 



Vh J 



— t- hJfHIU — > 0 (AISC Equation Kl-5b) 
t u , d 



tt3cu d = fdrarard girder 



t f = RUnMIUMWlU girder 

( itnantnBnjnnuriimafTinnimmajialRafi nn tD 

i 

IRUnlfTIJ bearing stiffeness luHJUifinR sidesway web buckling I [ill H ftTl S ffl Cl R [HI R 
HmsBainuumi* i mrtiiTRnriBRT sidesway web buckling iglinnjtatmmtiRiJMtifiHBBU 

i) u i run L»u Ujj U J su n 

tJjmtiBtiBWBlIBlimmtiRI JB1CT 1 Design strength R <j)R n , ttStll </> = 0.85 1 

pMBraMIUtRftnBBUHB^tll 



Rn = 



c/jf 







3 1 




h/t w 




1 + 0.4 








{ l/b fJ 





[MHfni81i3tStS8HS^Rffni^RRnSRJtg|UMStU (h/t w )/(l/b f )> 2.3] 
raMBIURnUTRftnBHBtTTlR^tll 

U eu Lru i no ‘J 



R n = 



C r t w tf 



0.4 



f h!t w ^ 
yllhfj 



(AISC Equation Kl-6) 



(AISC Equation Kl-7) 



[MHRlIBiaiWlBSHBtRiRIItRRClBRJiginMBra (h/t w )/(l/b f )> 1.7] 

UJtU C r =960000 ISllCIUJUJUl M u <M y ffitiBRllaJUMRHia 
= 480000 TUMBItJHBtilBmB 

Li d ot 

/ = unbraced lUMMltntitlJBtjltilfi 

m 

im*U^IRIBMH1H1TRTgBi3l3HTBU8tiillfimtil[iiBfUBRBB[mBmflim RtilBIBllRIBllR 

«=» U U 1 Ed &\ y 1 U 

1 

SIR bearing stiffener 1 fuSsraiRHSIfU stiffener |RtiR!BaUBRBB[lJlBH1BHiriBHm9IB1* IRHS 
CTfntSj^RnSRJhJISfnnRtlTlfi web yielding, web crippling S-b sidesway web buckling IS 1 



Bearing strength JUfj stiffener |R!tnS§JlSlRi3 AISC J8 til (f>R n lutU ^ = 0.75 Si3 
R n = 1.8 F y A ph (AISC Equation J8-1) 

MHRinBJRgBmBtiMHRl1 10.1 ItitUHIS bearing strength f p =1.8 F y 1 
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AISC K1.9 full-depth bearing stiffener tilfi ItfiffilmRJltiirbfbntiUSfi 

1. usmfimrijHtifijausbmHHnitsngltiiuira stiffener plate stiraJtnsuinSmroniJ 

1 n d* vJ vJ l Liu 1 Li 

mimimrafjrgsii autiirag 90.6) i rmJtiissusH'itstiti'iti 12 umsmtfifdTgsiiig 

n U i v U U U i 

MTHlti stiffener SH3t5t3 d 25 tfmsmHlfjT9Si319 fJTB'lt) stiffener SltiRti 1 

Li ] "vl Li Li 1 Li c* 

2. TmfmuMgfnnmffimMsti 0.75 timsTmltitfimfiiti ititu KL = o.i5h 1 

Li Li e» w Li ci 

HSlRfTlJ^tU^JtuCUinSiSlRil AISC Chapter E 1 

AISC K1.9 bearing stiffeners 1 

• tinitta |USStilQjnTHlfi5T?ifUtnni?iTHffT1J81t3nfTlHl 

U U Liu -o Li*j Li 

b ->fL <US) C7E (IS) 

< fif I fif 

• BmjBmitinjnfnu stiffener isiTBBaniHiBwgfnniBHtttiiRinamHBgaliJtiiHBmH 

O M- U i u rp EaJ <ii cu cu 

imri i tfiltnn mHiQRMsignusjii§j^gusni3Q[iJiQgit3HtiJ ^ 

rmlfflR bearing stiffener fRftnBUjnmBlRtigBlUlinji 90.9 QW1Q (d) 1 



qmtJMlfi 90.9'. Plate girder UJWtnBUlIltTlialfitilTJB 90.6; TRftnBHiaRUJimiminmH AISC 

* in -o c* v Liu n 

1 

Speciffication 1 UBR^UBmSfTlIllJtllinBtitllinjUUBnHItsntiiuBmtSnMBa 3 1 UBRngJltDR 
4kips / ft UJimiHUmtligitJBHBIUM girder 1 WimaRlIMtiRtnB lateral support tSiTfilatiti Bi3 

TfitiBimBtauBRmBHirh imuiaRiiMiaRTRitnBBUBaRiiltiiiBlTRtiBniiBBiaitiii tRtnstJiri 

U 1 <ij tu n Liu Li i 

bearing stiffener tiBTJiJHTlTRtiBti BtiTRtiUBRBBnilBtnBHiri 1 IRIBUIRHIUM stiffener 1 in. Tfiti 

7J in -nj Li ] Li <ij ] Li U 

IRHSlURagiaiW BtiltfnH ttjHJltjj«9fiIJSflI flange-to-web 1 flHSHlS intermediate stiffener 

i 

19 IwmflJRIlJnnnJBiaHMtilTtllfiBIlJR A36 I ItfimWBRTjlBRUBmRTRUTRlB BJTRRCIBRT 

Li Li «i> \J Li Li y Lnj eJ 

a. flexural strength 

b. shear strength 

c. flexural-shear interaction 

d. bearing stiffener 
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FIGURE 10.9 40* 

r v 



a' : 



.jm 

sm \ V 



12 ' 

■4 >- 



40* 

V 



40* 



V u 



:lx 



B 



12 ' 



12 ' 

-* > 



48' 



4 m (includes girder wt.) 



'TTtTTTTT" E 



D 



W 



12 ' 



6" i 



/ 



El x 16 



-2E% X714 






2E% x 7 Vi 
1 E % x 63- 



"TF 



/I K 



65" 



Detail at /l & E 



Detail at B,C,D 



V 

El x 16 
Typical section 



fitn/mrtmm: ras 00.00 mjimtiriTfnmjsff, tjntfriHfiyitifrifiogia stitimmHm&nRtfrmciOT 

U v in U u U b ru tl u u 

tcuusmHRtui 1 i 

<SJ 1 «*J tu in -va Liu l c* ct 

AISC til palte girder UHfi 

V n Liu 1 0 -v* 



A = _A = 168 



? w 3/8 



970 970 



= 161.7 



VA Tie 

UfimwiI hi t w > 970/ ytalSS flexural member ISitil plate girder luimiRHItSHBinmi 
AISC Appendix G 1 

t9BatRi!nmn[J slenderness limitation JTJW AISC G1 1 fit HR MR IS h/t w Hljjdtmsl 
St3 aspect ratio a/h 1 Eb[BTd plate girder 1S° bearing stiffener HlSSIStjl intermediate 



stiffener lUltil 

a 12(12) _ 



2.286 



h 63 

tinnisjuiB8^RtH|utmn|uiinwfiiim* a Hs^nnStfi 12/msi iBlfiia panel siting 12 ft 
tflfiCUlfi stiffener ItJWfifiriHRJIBHfiJpiMItjlti clear spacing 1 fdjWd panel 81t3f5t3 a flfitstilti 
12 ft UJimtmilR double stiffener tsIffiijSfH 1 
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H FIGURE 10.10 6 

) 


0* 6 


0* 6 

r ' 


3* 

r 6 kin 


| v ir w ir 1 


' ,f ” lr ” ’ 


■ ,r v v t ■ 


' " u " " 1 


1 234* 


12 ' t 


12' 


12' 


12' J 











48' 

-* ► 



234* 








itflffifiJIJ a/hiti 1t3 1.5 AISC A-Equation A-Gl-2 CUtK 



14000 



14000 



= 322 > — = 168 

1 Ml 



(OK) 



+ I6.5J ^36(36 + 16.5) 

a. Flexural strength 

Flexural strength StiTfilhlSRlUirntflffi strength JUfjhnUltifflJSIfTl mTJWWlUfTUMtifl 1 
Rtifiinjmmnjnmtfim (elastic section modulus) 1 ttflffi 

wiimnwiHtp 



S xt ,¥C S x 



mjpuinsifjT'mtj i, HHiaatitiifTinintuHRisiaTnftnBMianiainamnag 90.91 whs 

U Ay iJ fU Uu 8 c* 

nnHHtiat3WfTinraMtmuaHm5ii3tuBi3HmBTufl9HBiuMfii8 nnmsfnnBKtHRtiintn 

V cu u U U u 1 t/ U nj v U 

St3Ht3t3tS 1 HaWHSmmHBTlMBn 

m v r 1 w 

/^ = 40570 =1248 . w 3 
c 32.5 
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mntt ©0.9 





A 


/ 


d 


I + Ad 


|9I Sfl 


- 


7814 


- 


7814 


firm 

m 


16 


- 


32 


16380 


firm 

m 


16 


- 


32 


16380 

40574 



tPiSl3'[Rf fTI? hybrid girder factor R e erJ'[HdU tension flange strength Si3 compression 
flange strength 1 ioltUfiTIJ girder tSotjl nonhybrid ytsISS 



R e =1.0 

H AISC Equation A-G2-1, tension flange strength lutUEUl JitU yielding Pi 
M n =S xt R e F yt = 1 248(l .0)(36) = 44930m. - kips = 3744 /; - kips 
Compression flange buckling strength AISC Equation A-G2-2: 

M n — S xc^PG^e^cr 

o - CS) CSJ 

iuCU critical buckling stress F Cf PifllinCU lateral-torsional buckling u flange local 
buckling *1 tuHj[fidnSdj lateral-torsional buckling, nlifflSijtUfnn r T 1 HjUS 



90.99 



I, =^(lX!6) 3 +^(lO-5X3/8) 3 = 341.4m. 
A = 16(1 .0) + 10.5(3/8) = 19.94m. 2 

If 



Yt — 



341.4 

19.94 



= 4.138m. 



Unbraced length JUfdtiJltlJflpnJfdflfiPi 1 2 ft iUltlJ slenderness parameter fbjATij 
lateral-torsional buckling Pi 



_L b _ 12(12) _ 






4.138 



34.80 



^ P = 



300 300 






= 50 
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ttflffifiJli A<A p , F cr = F yf = 36 ksi 




Critical buckling stress F cr jlnl til S n tin S3 JTS itJl tli hi [HI U flange local buckling 1 
Slenderness parameter iutlJSlfisfln 



A = 



16 



2 t f 2(1. 0) 



= 8 



*p = 



65 



65 



fFf F6 



= 10.83 



HtJtSjR. tfrlffifinj A < A p Statss F cr = F yf = 36ksi 

tBHjfltlflSltHflnflrnfiUStlJtJMrdflrardpalte girder R PC 

^^^;; 477<l0 

Af 16(1.0) 16 

Cl AISC Equation A-G2-3 



r pc ~ 1 ~ 



r K 970 ^ 



= 1 - 



1200 + 300a,. 
1.477 



Per 



< 1.0 



1200 + 300(1.477)^ V36 



168- 



970 



= 0.9943 



RtHIBKMlfmMBa 1.0 UflHJMU flexural member IBMMIIRHBHlBfflHBnniHgintil 
plate girder tUlHJflSRtSlJRStlfnfitilRtil beam 1 Cl AISC Equation A-G2-2, nominal 
flexural strength 

M n = S xc R PC R e F cr =1248(0.9943X1.0X36) 
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= 44670m. - kips = 3123 ft - kips 

WBtiUJIBSfiBtjlti nominal strength WTHnUftnnJi3R1imniUBBTJBB E3tjtSifTtUtJ 1 Design 

c3 v c’Usu 'o n n u i 0 

strength Pi 

<j) h M n =0.90(3723) = 3350 ft -kips I 
nras 90.6)0 HHtiiHmuiHRunnn 

V V 1 

M u = 3168 ft - kips < 3350 ft - kips (OK) 

tiWOJ: a. Flexural strength FjTiUjTnS 1 
b. Shear strength 

Shear strength PjlffSFiHSliSlSti web slenderness ratio h/t w Si3 aspect ratio alh 1 
SuaimarniRIlilRtslinininBITU tension-field action tSlmaRUSttlftanPSl end panel tl 
hr i ininBiTufitnBialintiiiiJtii a/h nGtinta 3.0 aaRBtfHJ 

U V V 

= 2.395 



260 


2 


'260' 


_ (^ ^ i\v )_ 




168 



RIHTtlUTlRnmJltlllHM a/h Pi 2.286 tiBIBMRHIBITU tension-field action tflS *1 

m u u i) u 

RCUIR k v Sfi C v 1 n AISC Equation A-G3-4 



K ^ 



= 5 



(a/h) 2 (2.286 f 



= 5.957 



Pi tin si c„ 



187 



— — = 1 87 A / 

i Fy W V 



5.957 



36 



= 76.07 



234 



= 234 



yw 



5.957 

36 



= 95.19 



itflHJMlI h/t w = l6S>234 y jk v /F yw , tgi8tRHlBR[UlR C v n AISC Equation A-G3-6 
44000fc v = 44000(5. 9 57) = 0 258 0 
(h/t w )-F yw (168)- (36) 

UfimMlJ h/t w >187 Jk v /F yw . IRBaitU AISC A-G3-2 ttitURR tension-field action 

PfclHjPitUlSI nominal strength ( PGJnPGJta panel SltiQti) 

f \ 

1-C„ 



V n = 0.6 A w F yw 



C„ 



V 



1.15^1 + (a/h) 2 
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= 0.6(23.62X36) 0.2580 



1-0.2580 
1.15^1 + (2.286) 2 



263.6 kips 



Design shear strength Pi 



<fi v V n = 0.90(263.6)= 231 kips 

nras 90.6)0 RinamHiHnimHHniinialnaTHtitsHiBiHmfnnuBriBTHiuM girder r 

jj eu 1 ot l_i cy u u Li 

1 

102 kips utiiSS shear strength d fRU '[PTI B fRli Rt BtifatlJIRHB mi fifjjl fU tension -field 
action 1 



fdTHlti panel 81131313 tension-field action HSTFiftnSHSnTIfi ItfimifiTfiiRnilfi 

U A i Lm i m L»u 

shear strength H AISC Equation A-G3-3: 

V n = 0.6A w F yw C v =0.6(23.62X36)(0.2580) = U\.6kips 
Design strength Pi 



<f> v V n =0.90(131. 6) = 118 laps 
RHnt3fnmHmuiHnunnia1ni3 panel eii3Gl3 r 

tU 1 ct i- i 

V u = 234 kips >11 Skips (N.G.) 

mH1Stjl|Hfi3njri3|H1tjmSs shear strength RUJimfTIRUBm web slendemess(ItJlGJUlSB 



R|jnMIUMfl) UmRUBm aspect ratio ITJW panel 81l3t3l3BHm9UJimn!BH intermediate 
stiffener 1 Stiffener ffiftnBUIBHIBlytiqmtmnmB* 1 RIlfilRUStU web slenderness 

i 

tuHjOSEUtnS shear strength |RUfR1SElttt§§j flexural member ISSutm&lfiiimmbyin 
til beam ll3mm§|frif!fnPitilfi3UrS1t3Tfdt3 1 

IRRIUlRgRiaiUM intermediate stiffener gHHJRlHJfitiBfiigl: l3tJi3^T shear 

u v V 

strength n AISC Equation A-G3-3 tMBt3 shear strength UJUJfRiRU luimuJlsymmiR 
R1H C v totRimn UBIUHRnnilR k v n Equation A-G3-6 Bl3UmUHRigjRR[mR a/h 
n Equation A-G3-4 1 IlIimiSlJBRimtunU81l3IWIt5l399tlItnB 

1 c? v u X) 

</> v V n = <t> v (0.6 A w F yw C v ) (AISC Equation A-G3-3) 

r tyV n . _ 234 _ n 

v </> v (0.6A w F yw ) 0.9(0.6)(23.62X36) 

44000 k v 

'-'u 



(h/t w ) 2 F yw 



smarms? 
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C,.(hlt w fF y „ 



0.5096(168) 2 (36) nrJ 



44000 



44000 



77-5 

ntinn stiffener uJnjfnfmin 



— = 0.8594 







(AISC Equation A-G3-4) 



a = 0.8594 h = 0.8594(63) = 54.1 in. 
isisutfi « clear spacing mtfim 



tBlHfiJ Itfimtfm intermediate stiffener 9HtmBlBHim 54m. ntstiJUfj girder 1 mitflfi 
tasatJdtlj^jaf design strength HlSmH|tlUTIR|tltUltU RBIflmfilHfitUlHfitJJHI 234 kips 1 
IRHBTStffTlI stiffener UIBHI9 UftmimifiH1l3mmHRnJlIBl81l3ITfi1 panel 8113 tsl3?itstfli3 
design strength 231 kips 1 

IfifflBHfHWminimHnnnn stiffener Ujitmiusnnaialna Numerical Value 
section of the Specification 1 1tnaatiUtJlITlUIBmgMiaJiainaqgiumm 90.10 1 

A in -o is- ot 

BtStK b. Shear strength fiTHUTmB 1 UIBH intermediate stiffener HffitsHIffi 54m. ntstiJtlfj 

tU G Li Li u I 

girder SHffi 9 

c. Flexural shear interaction 

flexural-shear interaction ISltHtUiUtUHIS tension field ( UJWtffTln 
panel 8H31313) sflisItnnittltumntutuRstiiisiflnjsiflnfTiH 1 

1 1 a a U 

1. RH1l3fTlH9Bl3MmalBiai* 

CU *>- EU 

0.6(pV n <V U <<j>V n 

Mljnu girder tS8 RH1l3fTlfiSSl31[fiin panel 81t313i3fl 
0.6(237) <V i( <237 
142 < V u < 237 

2 . HHtanmHRimMmBiBiBi* 

V 1 CU 

0.15(/>M n <M U <(/>M n 
M|jnu girder IBS 
0.75(3350) <M U <3350 
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2510 <M U <3350 




SnJlfifitilBMBI 

a 



GWta: c. inHaTKffnirnnriBnT flexural-shear interaction 191 

AT Liu Uw tJ 

d. Bearing stiffener 

IRtiWBf bearing stiffener ISlTPiiiuSRQQlUlQHISHinSHtU!) tJBlBMfiHBTfliRlJTfiflfiBfiT 

rt v G Li i u v UuLnjeJ 

AISC Chapter K web yielding, web crippling U sidesway web 

buckling 19 1 fdjWd bearing stiffener isl31i3fii3 BtilBllt39|H 

*-3”- 10 .0 
t 0.75 



95 95 



V36 



= 15.8 > 10.0 (OK) 



fiJJHlU bearing stiffener 31 13 n 13 flytiHItflBI bearing strength 1 HJU9 <50.7)10 
A pb = 2 at = 2(7.5 - 1)(0.75) = 9.750 in 2 



II FIGURE 10.12 




0.75 



_L 

tr — > 




1 

0.75 "7= 

t 




•* — L 


= V 




rmm> 


jzzzzzza 




■ 25t„ 

= 25( 3 / g ) 

- = 9.375" 









7.5" 



Section 2-2 



El AISC Equation J8-1, 

R n =l.SF y A Pb =1.8(36X9.750) = 631. Skips 
<f>R n = 0.75(63 1.8) = AlAkips > 60 kips (OK) 
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TflnnBHTnMMi3IUM stiffener tfintiHItifTlIMtiH 1 IffiltimHiUS 90.9b imtiJnBITUTTJ 

Uu cJ 1 en n n v U U 



rnitBfnsGOJfnnfi 



Slenderness ratio fi 

KL_Kh_ 0.75(63) _ 12Q5 
r r 3.922 

H AISC Table 3-36 iSl nfc! Numerical Values section of the Specification, 

</> c F cr = 30.31ksi 

St3 <j> c P n = <t> c F cr A = 30.37(14.77) = 449 kips > 60 kips (OK) 

nms 90.901, fd[H1U bearing stiffener tSl|Fit30[H design bearing strength n 

</>R n = <f>{l.8F y A pb )= 0.75(1 ,8X36)[4(6.5X0.75)] = 948kips > 234 kips (OK) 

THHCIBRT stiffener-web assembly tfmtinitirniMtin 1 IffiltimHiUS 90.901 BHlIStsOJ 

Uu eJ n n v v 

U O c* cu U l 

I = z{j + Ad 2 ) 



9.375 in. l£30J§j|R9J1t^H8mRM|H1tjfiJfiJJ 
A = 2(0.75X7.5)+ (3/8X9.75) = 14.77m. 2 



HHSBBwmniuMTnariitilBJintnBaHmiBliWTBBan 

TJ L w si U U Li 1 

/ = l(/ + A<7 2 ) 





itntiijTiSji'iti stiffisGcurnnH 

A = 4.5(3 / 8) ■ + 4(0.75X7.5) = 24. 1 9 in 2 



Sti r = 
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m FIGURE 10.13 




) 

It 1 



vmn 



.±U.UA.. 



~ t mm 



1 



t — 0.75" 



a 

= 6.5" 
Section 1-1 



7.5" 

- < > 



EZZZ2ZZ i ZZZZZ3 






t*= 3 /g" 



12^ = 12(%) 
f = 4.5" 



Section 2-2 



Slenderness ration Pi 

— _ 0/75(63) _ 1Q 90 
r 4.334 

fl AISC Table 3-36, (/) c F cr = 30Alkips 1 Design strength Pi 

<t> c P n = (f> c F cr A = 30.41(24. 19) = 736 kips > 234 kips (OK) 

Sffftff.'d. Bearing stiffener n jTUjjTIS 1 



g>o.cj. fntrtinmHsmrr (Design) 

Bt3m?s3tJt3filarriJPTClJlS1 plate girder RfTliRtlhfiSlJirafjTSSti StifiTItn TUMSramTfilmJ 

IS- u Gt Li l (U Li Lru 

HmBtjiHHiisijCUfnn iPiTRlnSMfjMffiRlGijniJjnjstrifiTimtliffinu cover plate umtfifjrafj 
fmdH1SSlJ18MmiSlS?fll3tt3ll3Pri?riHmnfTlffiJtJrj girder 1 mifiinmiJltinm intermediate 

CU 1 ct tJ Ct Cl U 

stiffener nip§!ltjS?1SncUJlCUR|H1fj|SSl3 1 fUftfSimPi^lfriJ bearing stiffener tflGSimPi^liifi 
PitUlSlfl 1 tstinmffi U^ltaIl39T?i!WS?ifnmtliramJPi[lhS1SfitJSnjffi1l3TRHTfil 1 BlthTPnHtjl 

1 U Pi XJ Liu is xJ Li Liu Li 

1 

^UTISRUmJPinflST 

c* 

1. ITSfijnMRHMMra 

Li n I 



mfamss 
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Girder 1/10 tsl 1/12 IBTUlJtaiUJtn RlIRIUlfi 

U h Liu n vt> U c 

JUM building code ttU depth-to span ration UfnniJlUintiinBflgntlllWRmn^MfJM 1 

2 . t^Mnwgintgaiafijificiija 

tnHitsnnjiBiRHMTBBaii^miJRRTHiMtmumiafiiriRHMMiuiiJtiitnBiiSMWM ^ tfm 

n U i U su n l Li 

trail tafifntutsfniEituisiiSi tRTfiitfltnBtmBRnnMrmTn tfijnBJRRTtnMT9Bii 

Cl Lru vt> Li nj Li Li l 



i*mi|urniR[UiR&ii3iunH: 



h 2000 






(us) — = (is) 



yf 






yf 



(AISC Equation A-Gl-1) 



M|jnu a/h >1.5 

A= M000 (US) 

f w ^F yf [F yf +16.5) 

h _ 96530 

— < / \ U^) 

f w ^F yf \Fy f +H4) 



(AISC Equation A-Gl-2) 



3 . tns&psgtnftfiu 

iHHitstiiBtmBTRgnttitmmiJtiiTnirniriiuHBtiHmiiJtiiniuniJtiBitJiTrTiH i ran 

Li vJ 0 \ fu Liu y ci ~»> y Li 



I x I web I flanges 

*^t w h 3 + 2A f y 2 *^t w h 3 +2A f {h/2f 

few A f = HSfriKTRgriitiiuMtmuHm 

J 1 Li vJ di cu V 

y = tsmmriHm[mmH9riMt3igigTufigHBiuMwiu 

is O vJ u | t/ cu 

miBWiHiuMHHtiBtiwmriiBftnuaHm5intuBi3ifmgrafigHaraMfiTKftnBit5itiiiBl 

V v V at u lJ U u i «/ Liu 



ntiMHmi 104. i imntitnBMiBHaniHsmR 

ct «t> y r 1 

(„./i 3 /12 2 A f ( h ! 2 f tjr 



s *= — ’ 

C 



hi 2 



hi 2 



+ A f h 



pMaimmiaMaRRlIRimaimRRlH compression flange buckling 



HSfTlfin AISC Equation A-G2-2: 



M n S xc RpQR e F cr 
s M„ M u ! (j) h 

R PC R eF cr R PC R eF cr 
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ttiEU M u 1 iflim^THatllHSfTimiJtllTnirTinMBaHIHTtl 

w i) i v r i Liu -* eu u 

rniR{muitu tratitns 



M, 



RpG R e F cr 



>JL + A f h 

£ J 



St 3 A f = 



M, 



tw h 



(j) h hR PG R e F cr 6 

pMBimmtiMBHTJl R PC = 1.0 , R e = 1.0 St 3 F cr = F y 
Htllfi 

u 

A _ M u K 

A f 



0.9 KF V 



HsmmiJtiiTnffmiuMtmu 

1 L»U EU 



ttitu a w tiimgnitiTBBa i iBlinwiiJnnnnimnmanititmHiiJtiiTnffTiiitiitfiBi iniw 

W U vJ c* l_i l U u eu Liu i) Li 

UMBBti StiRTHIfd 1 niMBraimTtIRTinMniamitiiBWIBRHMTBBa E 3 QtS§tRHSQ 1 tnQ 

Li Li Li Li ot n Li | U 

iSRlrfRRTHfRHMTBBaiBI TRtiGthlGISS ifiHIGRnJlSISHSTflSfiJlSrafj girder, Itlim 

C Liu n Li 1 Li 1 



IR|RiR[lilR M u Si 3 A / iSjtilni =1 

4. ffifinBRJ bending strength iilfdHgfnfiriJmCUjti 1 

5. TRRnSRTRH1t3fTIR 

UU U EU 



UIMBIUIRntninin end panel yyjMBltJtRHBItJJ intermediate stiffener ISiSli tfi 



HTCJR shear strength H AISC Equation A-G 3-3 taSjIJMMtiltfimRlBiRtnS JTJM 
tension field 1 IRRHItsITt) Table 9-36 tl 9-50 tsl fit! Numerical Values section of 

U -VA ct 

the Specification HynURUfinJlBlIBSltil 1 tUMBIUIRHBI|URinia IRHIBRIinfifiUnfi 



Intermediate 

a. §J shear strength iuEGjjjpfTinciiStl shear strength IwElJejjlEjltft AISC Equation 
A-G 3-3 luimuJijymmiRRtH c v totRiRin 

b. UJlgymmiR k v n AISC Equation A-G 3-5 U A-G 3-6 

c. UJlgymmiRRIH a/h n AISC Equation A-G 3-4 1 yiMBIUIRiy} tension-fieal 
action tR HI Gift! trial- and-error approach A AISC Table 10-36 U 10-50 UjHJ 
SSCU a/AtotfifRin TRBTlltiHSRimiJtllTRfRmUM stiffener towfaiatflfTlfi 

V Liu u w rfo 1 Liu 

rmis^n0ji^{sst3R[RJtns§jisini3fTintard^HiumH3gis h/t w sn a/h i 
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iTSwffwBtri stiffener rmntUT^tumnfTiTnsn^RTHJfnj nBraT?i?insmHm3s- 

Li Ed -o Li vJ Liu Lju eJ V 

13CUfnn?i|H!fnntJfj AISC Appendix F.3 1 

6. TfifinafiTHamtntsnsntimfi MHijcifi 

Liu tJ n ni u 

7. ffjficiafij web resistance M|HlUtJ8fi13Bnili3 (web yielding, web crippling Si3 web 
sidesway buckling) 

TiJMSramTRjfnJ bearing stiffener tfi Tflf HSf ?0GrinTratiClflSnS1l3'ETmH: 

a. bJIRCU|i3SSi31tjCUTtji31fiHJtJfj stiffener ISlmmEiHnJfjfiTliJ StimHIfiKtlEUthnni 

Ed Li 1 Ed eu Li -vi 

Pi [Hlffl J width-thickness ratio 




b. bearing strength 1 i|iljiimjtJ|Rgjlt^Sg 

tjiHffisaTRgm^fijmcuiia sammmndsitgllilniTiJMsratfitnii i 

li U W cJi E-J C W MU 

c. TRPinSPiT stiffener-web assembly fj1Hi3fiJi3fnJfiJi3fi 1 

Lnj eJ J n n 

8. EUUlSlSfraSJIi flange-to-web, SmiSJIJ stiffener-to-web Stimififnmtfmgjfi 
(flange segment, web splices...) 



gff7fflfO/J 90.&: plate girder 9 [H fill H E7H ti EUH1 a {Ut fb3 60 ft StifSUSmfmitimtifOtnS 

ilfrlCmslRtiitJS 90.96 a 1 fiHfjrafj plate girder HSmifiHBtJJHlB 65 in. 1 ITUUJfi A36 Sl3 

in-octu n r 1 1 m U 

i 

electrode E19XX itnUirdSdol girder ISiHlS lateral support tflU 3 till girder H1SS])t!(jjlfig 
bearing frame 1 

^flZ/77/«y7fi7.*tJSmHPi[Ulit3ltIJHsBfiSHS girder Tflf tTIStltiTmtSl 90.96tH 

U <i j 1 ts Liu Lfl -o Ct u 

RtUlfifiHfjfdnJ 

n i 

Span length _ 60(l2) _ 

10 10 

Span length 60(l2) 

= — - — - = 60 in. 

12 12 

ITtJfiHMHBmiflHfimin 65 in. 

U n 1 m 

imfinJTtifiTtnMW'lTJ t f =1.5 in. SDRHfdTSSil 

sd Li cu J n U 1 

h = 60- 2(l .5) = 62m. 
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M FIGURE 10.14 i^ = 78 * 

P L = 58* 



T ' r u | | | | | | y | H f jr t * * 


t 30' 


30' T 


1 < > 

6 

-< 


0' I 

— — >4 



(a) Service Loads 



W D = 1.70 * /ft 
Wl = 1.25 k/ft 



♦ 



186.4* 



4.040* /ft 



if ir u ir i' if v i' 



'f u '' 



u ir ir u 'f w u 






(b) Factored Loads 
(Girder weight not included) 



iBiJnimnfifjnMtBaa flytitnnriasymHnniiHiuM h/t w i niflnu flexural member 
ttitUmatURCUirtil plate girder 



161.7 



l W yjFrf V36 
62 



6 ., < ■ 



h 



= 0.383m. 



161.7 161.7 

n AISC Equation A-Gl-1 Sfl A-Gl-2: 



alh. <1.5 
h 2000 2000 



< 



yj Fyf V36 

62 



= 333.3 



t>- 

333.3 

fdjWiJ alh >1.5 



0.186m. 



h 



14000 



14000 



x (/-; v/ • 16.5) V36(36 + 16.5) 



= 322.0 



t w > ^ _ q 1 92m. 

322.0 
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WlfiEUTti web plate l /x 62 i nimnBtnrmHtaTttffrn 1 nras 90.96 b HHR 

w A ^ cu Liu i) i) 



ntmjrninHmmnn 



,,, 186.4(60) 4.04(60) 2 

M „ = — + — — = 4614/1- kips 

“ 4 8 

nMHfm io.5 marittiftnmiJtiiTRfmiR 

U vJ <2< (U LlU 

4 _ M u K 

A f ~ 



0.90 hF y 6 

- W MM) = 24 . 98 , 

0.90(62X36) 6 



Filin SI SHS girder 



UtBpitipati: 62(1/4)= 15.5m. 2 

tpajlltiwin: 2 (24.98) = 49.96m. 2 

Wit! 

l 

. 65.46 



shs: 

144 

HHtinmnRTHin 

V Liv 



65.46m. 

(490) = 222.11b I ft tun 250 lb / ft 



„ (l.2x0.250)(60) 2 

M ;< = 4614 + - — — — = 4749 ft -kips 

8 

itiimmBriititmuiiJtiiTKfmin 

U <in tU LlU 

4749(12) 62(lM) = 2579 . n2 

2 0.90(62X36) 6 

mSsraisImfisnmHifjfmufdssi irnggaarRifniiuMfiR 

Li O l Li tu wt Liu 

4/ 25.79 



*/=' 



1.5 



= 17.2m. 



MinUJTti flange plate I%xl8 1 JUS 90 . 9 &! Ui 3 ininHSfnRfmREU|l 3 ttntimJS 90.95 

w 0 1 / Z u in -vs i eJ u 

uiJinmtJmmHntritifnK aiatJnrmHHHtinRMTinuuamHmm ^tumumtusinsHS girder m 

in-oULi tu U U u U <ij i u v- ts <-? U 

imRfmuinj 250 lb/ ft 1 
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4749 ft-*: 

[RPinSPiJ flexural strength mMHSfTlHNmtlJJti 1 njtJS 90. 9&! HHtiSGCUfnnmjUHn] 

juwmjnnR 




mtirmai 
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I X = ( l/ 4 X 62 ) +2(l.5)(l8X31.75) 2 = 59400m. 4 



nuiniHstUHsmmHenrjQR 

v r i vJ ^ 



c 32.5 




mifnnriBfiJig AISC Equation A-G2-1 Stt A-G2-2 UtiltTltslMUnU nonhybrid girder 
faWHIBHSmnMIHIjJ ISIS flexural strength BtiHBiJiraniUUJim tension flange 
yielding yt5IS§ IfifjnftRHttlRtR compression flange buckling fllfUTIo 1 ItUfJCIlSi 
UJimtmilH girder ISSH1S lateral support tflU XffRHBinTnsnfjlIfimn lateral-torsional 
buckling ttil 1 rd^HIUbJlSfTinRtiriri tS flange local buckling 

* = ^=^=6 
2 t f 2(1.5) 



itfimtmiiK x<x p , 

F cr = F y j = 36 ksi 

iRTHirnimHSiaiTmHMTHiuRimmHHiiiifnnuBmwMMti R Pr : 

L»U IU U U 1 O. 1 n i v_7 




A f =18(1.5) = 27 in. 2 



K = 1525 = 0 5741 < 1Q 
A f 27 




t w 1/4 

H AISC Eqution A-G2-3 . 



a r f h 970 



1200 + 300 a r \t w -Jf^ y 




fl AISC Equation A-G2-2, nominal flexural strength R 



M n - S xc R PG R e F ( 
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= 1828(0.9639X1 .0X36) - 63430m. - kips = 5386 ft - kips 
lUlffi design sstrength R 

<j) b M n = 0.9(5286) = 4151 ft - kips > 4749/? - kips (OK) 

{RRHSRj shear strength 1 

msmHSmtnm fusl end panel 1 Table 9-36 lSlRl3 Numerical Values 

1 n Li - 1 U ct 

section of the Spec-sification luHJSStUtnSSl/l end panel lunJjRfRlJ 1 



lRTRlBmW10lRi3Rini3tflHffiSi3 /z/? =248m. St3 

L»u i?. cx u W 

i v V n _ 223.4 



15.5 



= 14 Alksi 



rihissoihou a/h< 0.5 iiBffifiMfiis1nfr1mHrafj?Tiril3itltutjnTintrimHST?i!fTiJ 

cu o. U m t > L»u 



R{H1fd|9Sl319 1 fiIlREUji3{0Si3 Xe x62 
h _ 62 
t,„ 5/16 



= 198.4 



( c \ 



A w = 62 



V 16y 

AV„ _ 223.4 
A w 19.38 



= 19.38m. 
= 11.5 ksi 



Cl AISC Table 9-36, h/t w = 198 Sl3 a/h = 0.6 fUBJUfj </> v V n /A w ltiCUtnsre 



interpolation JtSPi 11.5&57 1 utstSS tUR a/h- 0.6 Sl3 

L U V 



a = 0.6 h = 0.6(62) = 37.2 in. 

imsUtfltsHlffi a itiCUfRlRlJtil clear spacing mfrlffi Rmn|UijH1ffinHRjtSlHfijHlS 
0JR[Ui:rinHmtj1l3 SUfdlBfnntjlHtJSQtJSIjl RJRtSBIRJ 36 in. CIHRntJfj bearing 
stiffener 81131313191 HRjJUfd intermediate stiffener 1 

BSSi3raRlf?R1R shear strength. RnTRfl9ntUlSfTlJt3irjtJJRTHirjT9Sl3 1 
utJl3 fflinRSHS girder 
Ifi9jl^tgst3: 62(5/16)= 19.38m. 2 

UtapiflMra: 2 ( 1 . 5 X 18 )= 5 4.00m. 2 

73.38 in. 2 

9Hs: — ^ — ( 490 ) = 250/z?/ /r ( titsRisliRiJfdSRCiHS) 

1 A A ' ' J Vt* 1 
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USTOHR 



I X = ( 5 / 1 ( |X 62 ) +2(l.5Xl8X31.75) 2 = 60640m. 4 



s x 

x c 32.5 




a r 

A f 27 




H AISC Equation A-G2-3 . 



a r ( h c 970 



1200 + 300a r ^ w 




Nominal flexural strength Pi 

M n — S xc^PG^e^cr 

= (l866)(0.9814)(l ,0)(36) - 65930m. - kips = 5494 ft - kips 

C3) 

Design strength Pi 

(pl,M n = 0.90(5494) = 4944/t - kips 

imiflfllUMfiJfllSiGtjlflfiTHlmraSijtJStimJlltlJ stiffener 

1 n Uu n n v u 

£ff»Z£r.*iTflTssfl ^ fi x62 sflfiim 1 ^x 18 tftmtficmslfittras 90 . 9 nh 

RtlTlFiflfLnfi intermediate stiffener Uj tU PT1 J fii [tfl U shear strength HijTil end panel 1 
tSl tsHIffi 36 in. ntsttSItfUstt RHIflfTlfifl 




iPiRmm|tJ tension-field action CTE'jTTi end panel ytnS§l?n|Ti AISC Table 10-36 1 



fdfHlU h/t w = 200 Sfl a/h = l.6 




(OK) 



iftj a/h = 1.6 ISIS 

a =1.6/z = 1.6(62) = 99.2m. 
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0.75" 




Qn^tflHSH1S?itH[UTl|R!tnS§jtSlRl3?nni3tSitnCUt£3CU h/t w = 200 Sti fl/A = 1.613*1 
HHJIUlflfitjl tension-field action HBTttftnBHBrmmalintlJUJtll 

VI Lru 1 m 

~i 2 ,___ n2 

= 1.69 



h 



> 



260 

{jt / t w ) 



260 

200 



MTHIUHtUlUimB* Finn H stiffener Hfltmn 99.2m BtiHBiflWTHimtimBlWWJUW 

U u i i n U ct 

girder mai3HT99tlItnBn[mmMt31Bl* end panel IRTHilTtJRnnnriHnnglHfil 81m. 

i r> w w ^ cu A L»u U O \J 

tiGmncnnmus 90.9ti i tilHmBaHtuimiJtlifnnuBmiB* 



v in ^ ct u 



— = — = 1.306 
h 62 



iuHTminsn shear strength itiEUTfilfn IRTJCTlUJfilH a/h = 1.3 Bti hlt w = 200 iSlRti 
Table 10-36 1 UJltDIg interpolation tR99EUtflS 
^^ = 12.6 



3 t 3 



<t> v V n = 12.6A W = 12.6(19.38) = 244.2 kips 
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HSfnfiJUM intermediate stiffener BeIjj Jf ETJftJ Pi StlQU: (1) (2) 

HHtisijCUfnnHiijiJifn sti (3) tiwinjuBBiaiwntjnMHUjuiHi *i 

SI FIGURE 10.18 % 













j 


36" 


4 spaces @81" 




< > 





tRBplti!lJtlItHffniM|jnU stiffener RmJ'lHBRHBIB h/t w Si3 a/h mimifiiriB 
iRfltilSn AISC Table 10-36 liJltintS interpolatrion 1 
M|H1U a/h= 1.3 343 h/t w = 200, 

A st = 2.3% tgfnBpltilUMtBBa 



-0.023(19.38) = 0.556m. 2 



H AISC Equation A-F2-4, 
2.5 



J = 



(a/h) 2 

2.5 



-2 >0.5 
-2 = -0.534 



(1.306) 2 

itflHJfitHITJM / < 0.5 tiBIBMTTJ / = 0.5 

cu •* v U ° 

HHtiSljCUfTinitlCUTRlfrijB 

V L»U 

I st = atlj = 8l(5/16) 3 (0.5) = 1.24/n. 4 

tTURIHHRmtniHM bit 

Li m 

95 95 



V36 



= 15.8 



rmniuja plate / 4 x4 assn? 
b 4 



t 1/4 



= 16 « 15.8 (OK) 



A st idtU^jb 2(40 = 2.0m. 2 > 0.446m. 2 (OK) 
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nras 90. 9 & gargSagHRiTMU tmtitns 

v U n U 

I st =n(ixAd 2 ) 



0.25(4) 3 

12 



-0.25(4X2 + 5 /32) 2 



x2 = 11.97m. 4 >1. 24m. 4 



(OK) 



FIGURE 10.19 % 



viniminTn wrnnrrr. 



h- 



-Web 



urmniuna muum 



4 " 



■Yu,” 



>/ 4 " 

A 

t 



iBrnniUlRTUliaiUM stiffener flutinnJlfiBinHnflti stiffener-to-web weld Bti web-to- 

Ed Li u ts 

flange weld (IHWITjg 90. tf) 



BHlRJHUJtmn = 4t w = 4 
BtnmHRtmn =6t, = 6 



A) 

V 16 y 

'5> 



v 1 6 j 



= 1.25 in. 
= 1.875m. 



tUMBIUltniaMangiri flange-to-web weld 5 / l6 in. BtiBHimifHagRUBfU 1.25m. 



|UUnn|TIIUltlIIUM stiffener R 



/i-giflSRUSJIl- 1.25 = 62 -0.3 125 -1.25 = 60.44m. HJR 60 in. 

tSWtSJl IJTJ plate yin.x4in.x5ft intermesiate stiffener 1 

TnnnBHTHBiHiniuMHHiinK BtimnamR iflwTRfmiMTinmnmBaiijniiJtiiTRffTii 

UueJn v m UyUsu Liu 

tension field 1 R1HIUMRH1i3RimiJtlITRilBfniHli3RR 

cu fu Liu o n 

0.6 fV n < V u < </>V n U 0.6(244.2) < V n < 244.2 

146.5 <V n <244.2 

RtHIUMHHtinmiJtllTRiTRRnBRTR 

m V Uu Uu U 



mttfrmss 
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0.75 (tM n <M u <ctM n H 

nras 90. 9§, V u =146.5 kips IBllElUJUJtll 



0.75(4944) <M U <4944 
3708 < M u < 4944 



223.4 - 4.3x = \A6.5kips 

ta x = girder = 17.72/1 

tsl TfitasfriiaSijtn nminem 

U V Ct V 

M u = 223.4(17.72)- 4 ~ 34 (^- 72 ) = 3277 ft -kips 
isInanuBiiJnimnamHntiia \ 46. Skips HHtinRRBtfHa 3708./1 - kips titnssmHs 

c* EU 1 V V '* 1 V 

tntntsriffiinniHBiHiriiBHHtinH samnamms i 

n v tu 

matifllR bearing stiffener p3S|H SH|?it3R[UTlClJityi3 1 itilffifiTliflHlS stiffener 
isiTRamsausnQQnjiGHisHtnsHtH!) flBiB«RHBTRimiHU3nmni3BraMTgBai9lBa 

U EU 1 u V Uun Li 1 

TlSRSItilSSlS 1 JUMBIUHBtflR stiffener 1S1S1S IR|RiR1imi|9Batl yielding Si3 
crippling 1 IfclHjlfgtsISS IfiffifR'lJJTniia bearing N pti|RlBUJtUBlHgintJim AISC 
Equation Kl-2 lUlfititU Kl-5 1 Sidesway web buckling HSHlStfipSfnnRtlhfiitlEU 



HIGIRRHISIS Hips girder 1SSH1S lateral support till! (ititlUjSijj unbraced length 
1 = 0 Si3 (h/t w )l}/b f )> 2.3) 1 

fiimtU|i3SSi3 stiffener b = 8m. 1 99tiMJUBtiIM 2(8)+ 5/16 = 16.3 lin. ttitlJRB 
tiltissahnu 1 Sin. USts 1 n AISC ki.9 



b 95 



u 



t> 



b J F y 8V36 



95 



95 



= 0.505 in. 



fiTIfifUjti stiffener %x8 C1J1 fdSfi web-to-flange weld in. Si3 cutout iSl nil 
stiffener Y 2 in. 1 jlnfinSfiJ stiffener ISljjni3S[B "1 Bearing strength Pi 



<f>R n =0.15{\.%F y A ph ) 



= 0.75(l.8)(36X0.75)(8-0.5)x2 = 541kips > 223 Akips 
TRRHSR1 stiffener Cassr 1 TUlfaiUMT9Bi3IlJtlIl5RlItilHmBi3 stiffener plate iBhtuiSr 

Uu U U Uicj'u 1 e*J n 

tilHl3RIi3R1IMl3RRIMBl3 12 tJtitBRTmWT9BtiMTtnU end stiffener (AISC K1.9) 1 Ut3 

n n U Li 1 U v 7 V 
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ttitUtnStmnitSlRtaraS 90.100 {UlitilBHi 12(5/16) = 3.75m. 1 ttfimrmi stiffener {inf 
inBBmaialrntinnnitiiiaraliaiBs. giuigsth c srniajuramBnHJtJfii girder) irIirhis 
mHTUunRTmuitusn 3 . 75/2 = 1 . 875 in. ntstirarj girder 1 iJtiiiJtmiiJirmBlnaiuB 

euULi 1 v in -nj ^ x) 

90.1a© mBnnnwrnraimBfiialiwraiiaMiuiuMTBBa 3.75m ifisnsstutns 

in U 1 U 1 w 

M FIGURE 1 0.20 





^-%2" 

w 

1 






'f 


8" 


\ 


5 A 6 "+ 





A = 2(8|'^ 



16 



(3.75) = 13.17m. 



, 3.75(5/16) 3 

12 



0.75(8 ) 3 
12 









5 V 
32 J 



= 271.3m. 



r V A 



271.3 



= 4.539m. 

13.17 

KL _ Kh _ 0.75(62) 

— ~ — ~ 4.539 



= 10.24 



H AISC Table 3-36, (j> c F cr = 30.43 ksi 1 Design strength fi 

<t> c P n = <f> c F cr A = 30.43(13.17) = 401 kips > 223 Akips (OK) 

iflimtmiuBmainiinitiJitiiaHBtiianinRH ira stiffener Scpmsincijncutcua 

n c? Z) Li Li y ct n «=» 

ffffftfffiJV plate %x8 njfi3]4nti bearing stiffener 1 



smtfmss 
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19 FIGURE 10.21 





< 36 " > 



60'-0" span 



pijBIUlBIB* girder S1t3Hrj^ftnSR[lilfiStji “1 figjfima|HiiBmiMnpri 

fTIJRfTlt) 1 electroce E10XX tutUHIS design strength <j)F w =31.5 ksi 1 

rdumumjtijllfmms1st3{9st3 (flange-to-web weld) RnflBlfitntifnRBBtilBltHij 
mBatiumifititmu BtiTBBti: 

tu w c* tu U 1 

mBHRUlHirarj V u = 223 Akips 
Q= msmtafmux 31.75 ( IHUJJTJB ®0.®ri) 

U vJ cJi eu V 



= 1.5(1 8X3 1.75) = 857.2 in 3 
I x = 60640 in. 4 

RtHHKUnniUM YmQ = 223 - 4 ( 857 - 2 ) = 3 jl58fa j ps/in 

I x 60640 

BtnBmjBjiiHujmtn w 5 / l6 in. 1 
UiMBimijiiHBtiiu plitiBRUBjiiHujmminMfm: 



L m = 4xw>1.5m. 




— 1 

16, 



1.25 in. 



titslSSffiR 1.5m 



WlREUjti fillet weld Xft tn - x * X in - 



HJBmnfJti lm. = 0.707 x wx<f>F w x 2 

= 0.707(5/16X31. 5X2) = \3.92kips/in. 
WBfiinBUfiHItifnniTJM base metal 

e» tu 
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titFau ) = t [0.90(0.60Fj = t(o.54F y )= f-|\o.54X36) 

= 6.075 kips! in. < \3.92kips I in. 

ITUttMMljgfiUBmMra 6.075 kips/in. 1 UMMiagRUBniHrafiTUtiti 1.5m. 

Lj l 61 xJ 1 1 in O U tj U 

6.075 x 1.5 = 9. 1 YLkips 
uSHjRimRRtirifi. ran 
9.112 _ V U Q 

s I x 

ttitu in. itiim 

9.112 9.112 



5 = 



= 2.89 in. 



V U Q/I X 3.158 

2.75m. tmtiBtiBBUJtnB clear spacing 2.75-1.5 = 1.25m, 1 
AISC Specification fjjTBffiroiRHBtfiUHBmffiHfiminraw fillet weld fiJTHTijfn JHSf fi 
ISlfliJ Section BIO, “Proportions of Beams and Girders” 1 nl J o 01 cj j hi {HI ti built-up 
compression members (AISC E4) Sti built-up tension members (AISC D2) {JnltilStR 
iTUMTHiumiRmutmuiarriiMtin BtiimmtiRiJBim i MTB'roR'iJMtiR 

Lj Lj u* eu n iu -va Li n 

127 1 



d< 



UIBHBTRfntilti 12m. 

1 6~1 L» u 



MUnuRiimni 

d < 24 1 mBHBTRfntiia 12 in. 

1 61 Uu 

UjOJ d - clear spacing Bfitil in. 

t = R|jnMIUMUB«lJni^ftijll!lJtlIlMi3tili3IRIBlRi3 built-up shape 

itJiffiHslRmjBtuiBsiiitsi irantns 

1 61 

nit _ 127(1.5) 



V36 



= 31.8m. > 12m. 



24t = 24(1.5) = 36m. > 12m. 

utsiSS Clear spacing HSCTTlfmBmHlB 12 in. HfitU clear spacing IwElJjjnJfnJ 1.25m. R 
{RU{R1S 1 



mtitmas 
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imsutfiimpHtmnnHfyiglHRj 2.75m. MpitipiiamtiHtiiinM girder rntfim 

mnintiuiSBntmmasTHtimaianniiiJtiinHiafTinHtitiiamHHHuiin 223 Akips 1 ima 

n U cu cu v *u 1 

sta Hianntinnuitiiam 

n ij ct 

1. HtmHHtHfmrflJtllSHtiiain 2.75m. 

2. nnjiHnHmiglHmHBrrTiHHnmHi 12+1.5 = i3.5m. 

O 1 m 

3. Intermediate spacing 5 in. 
iBiintmmaituntuiH 5m. 

ttmamHiug 90 . 9S su§i x friGuimnsTus'imssta msstutns 

v £J ** Lj c» u 

V u = 223.4 -4.34x = 128.9fa/w 
x = 21.11 ft 

iBlintmfiittrattfm 13.5m. 

9^^.112(60640)^ 

Qs 857.2(13.5) 

ras 90.95 uuinitriHSHisRHiUfumtltuuismHfiuramsiJS tiuisgmusmmTuufmu 

V in ~o cu cu v V L> 

nBurniuisis t 

fffffW.'tm filler! weld 5 /An.x 1 ] /in. fdTUlU flange-to-web weblds tfl H ffi S U U till n u bUlfl HI 
islnmus 90.taten 



■ FIGURE 10.22 



<L 

I 



tt 
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ft) {Hit! intermediate stiffener welds: 



gingmjBjiiHTJjmtn= —in. ( uJirannmiiRunM t w = 5 / l6 in. sti t = y A m. > 



tutitiHujtmn= 4 



f 'X \ 



v 16y 



= 0.75m. < 1.5m. 



ran 1.5 



tliamniUMgRUBJima 1 in. fdTHIUSmJSm 4 ( 2 fd|fnu stiffener plate Hffi) 

c) OctUvJ Li 

f 3 ^ 



0.707 



Vl6y 



(31.5X4) = \6.1Mps! 



in. 



tiiafnnmnafnmuM base metal n 6.oi5kipsiin. (iHnimiRimmBiainiMTHiu 

ca m 1 U 



- 5/ 



'\6 



in . ) 

nfdHfni lo.rn ninafnmiJtiiTKjR 

cu L»y 

IF- 

f = 0.045/J-^- = 0.045(62), 



W _ 

29000 



3.539 kips tin. 



nusmisrirtfiG i msfnnrafjsmjsm 4 toHmaHisrmfti i.5m. 

Lj O e» O u Lj 

1.5(6.075) = 9.1 \2kips 

fJmMwtsfitntifnnna u n . iwBtinwMiatoTRifrn iRsscutns 

fj in m ct ^ ir> Uy w 



9.112 



= 3.539kips / in. 



TJ 



5 = 2.51 in. 



£1 AISC Appendix F2.3 clear spacing 16 fli3R|jnM|9Bti mBHBBtjlti 

10m. tJ 



i A 



16f w =16 



Vl6y 



= 5 in. 



I|URtinHnHRJiglHn} 2.5 in. to clear spacing tolRSSOJtnSR 
2.5 -1.5 = \in. < 5in. (OK) 
fillet welds 1 ^ fd[H1U intermediate stiffeners 

ItJtiiinBntuiHiJtiuiJimiBlRaiug ©o.tatm 



v in -nj c* v 



fdjATJ bearing stiffener welds: 

BUmUJUItn -j^in. ( UJimnnnwnijnM t w = 5 / l6 in. Sl3 t = y 4 in . ) 



[UtJi3HUjUJH1=4 






V 16y 



= 1.25 in. <1.5 in. 



urn 1.5 



mtimss 
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Section 



UUSnUSfUnrrJTHIU stiffener Bffi tiBIB*MJmnB9RTJBm 4 1 titiRlSti intermediate 

UOU I) v 1 VJTJct 

stiffener UMMtiRHItifrifinJfj base metal 6.075kips / in. BtiRimRUMWiMUMgRUBIW 

i n m 1 in O 

U 9.112 kips M|jnngRUBJlI|Tl!ia 1.5m. 1 



fdfHlU end bearing stiffener UBRUJtlJHBiRRti 1 in. R 
reaction 223.4 



length avaible for weld 62 - 2(0.5) 
£1 = 3.662 IRtilS .s’ = 2.49m. 



= 3.662 kips /in. 



ffrffar:i]Vi fillet weld ? X 6 y \/ 2 fd{HlU bearing stiffener Sltifffd UJnJfinjlRfRftnBUjflnilBl 
RtilTJ 9 ®0M *1 





Section 



Girder IlJWtnBnn/lBlIBlRaE191lJlI[miB8HBH1Btlin[m:iMgfiBI91 WSmnitajmsjRR girder 
UJwmBt9B!3IMtitflia intermediate ipBljlti BtiHtmgjRfi girder UJtmnB|9BtitmW 

tiia tUltUHRUU intermediate stiffener 1 RHIIlJWUSmtljlJtljtlinimilMlJRBIHinBgHB (tngiTJM 

U n a tsj is-u 
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UJmtiUJTStffni) atiHlHfitifTUniBTti 1 imstJtil girder ItlEUtflS intermedaite IflainrnfmrflJR 

Lru tu ct vJ Liu 

RsmiJim RfriiuBnasHiBuiaHiiftmKtHiamiSiBTaiiJi i RtHiMtmumninBmRHRnBmun 

O tu vJ Li tu 

i tiiTHMmaia*MgiRMa‘iMiB9Ha uiainnrRfriBiinmnRtHnafnimfffaiiJi i ‘Jaftinnn 

U l & O e/- n Liu tu g* vJ 

HaimBHTBBtiitnBaffniRimaiiiJtiiHiatiinniiiiMiJRBnfniMnjitiiTHMiiBa iiiimmmmutu 

1 n Ed u U 8 C 5 J t*. O Li Li c» u U 

iBlumHiuMfi ^mnummsemardfrir: atintHtBfniniBTti i Design of Welded structures 

tu Li ^ tu vJ 



(Blodgett, 1996) tiWafMimHni!lJWH1B|niraitiatilIpBM|jnUfTlIR[mai welded plate girder 

fiJtiiHiatiimmriMiJRB i 

8 CT 19 - 
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Appendix A. fnmtuim 

Plastic Analysis and Design 

A. 9. tfUBRttaH (Introduction) 

n ci 

(plastic collapse) tslRtiRtiistui e.b“ Rd 

maciR sdHHdtnwa” i mitnnraMin^auflaaiRmmaiaiinniuanuiSHMmntnMtiraumia 

v eu di U U ci vJ esj n m at a u u 

iBHTUiSntii mechanism ttitijaatG^TtnafTiciSimmraHatnafrmRatgTtJtiaR 1 tSiRi3GHtt3CU 

W 61 c? ‘J vJ c* ofc 

nimnuJimcmBB iRTnfmjifiWBintnwBHmtfluinmn tiBUttimialRiaiug a. 9 rasinsatHfi 

ci Lru eu eu ^ v 1 rvn u in -o c* v eu 

HistsimsathntdtmjisHHaHBmHi (RinJhBsmBlRiimtiJitijan tsItnwtdwHHtinRHismH 

EU V 61 C* U eu 

B|RU|jnBlBl5lB9jH8fTlHmtiH[lJ yield. tsigfiHSHiBsusamnnstsjamrjHHattimsjfi wim 
MmRtnMBmfiitnBui§fii9Tti 1 rjsintnSQtsgrrdtdiaErisariJsinaHmtdJ tRSfdTRiatTifdsiR 
tnM13HlSCUSfnnSljsi3HHi38i rusty hinge 1 

CUSfnnHHiiiJMQ (plastic moment capacity) UJWMmtmtfim M p tftHHianmtitmfiH 

HiBtslTfiijMBimnMBi fiHismmMst3HHl3su8it3Rl3?dmtRfinrnnul3tBRnl3T?fil3tdtiJut3ini 

Li eu eu «4» EU '-' t V c* 1 Li U1 ~o 

ISlRdraS A. 9 c tRtnSSfdtdltaffiRII IRHIBfinilKHHStnMBIBliritllllJtlllRWltli yield stress 
aanini3H8RiH tisuiiunialRiaiug A.ltn TUMBraRirfualBRRarsnaiBlRatiiRSimtnMBintTi 

V l TJLfl-octV Li l U ctQSEU^'O 

TnftnB^BMlflimRBItiMHHtllftnBBtllflJllIinBHIHlJBHl StfSfditilttoRl IBlJflBtiUlSn couple 1 

Lru U eu U 61 EUTjct <*ct 61 1 

Hil3Rt3MtRtSRHii3SHffi9tMSi3tlCUR[UlJfll3 yield stress Bt3tnRR[dntUTR9pitiH8RlHMIU *1 

1 EU W '•* 1 J 61 U vJ d* i 1 

HHiatauiSmtfim couple sitiRmssR 

v n a ct 



M P= F y^ a = F y Z x 



ttitU A tilTR9TlltiH8RlHMIU. a 1^113t3imjflt3STU^SHStSTRSpttimRR[lJntlJnr Bt3 Z r tflH 
SWHSR'lHtnMBI IHHimMiRfTinBIB'lSWlBITin yielding Still SdfdlSRintnMRtnniTRltnSfd 

r 1 EU e* £U<^ J G V EU -o Liu 

UJtilBlRtiHStlJHSfnn 1 HiRS A. 9 b IfimBMnMIHHlStftmJlSfi yield 

«=turi v v n J v 



- M FZ z 
M = F.,S r S13 p - y - x 



y y x 



M y FyS, S, 



titiiiBtuiBstiitiiHitsiMTinuiuntiHBRimiJiiiwitii staTnftnstRttnitri iHmmiunai mthiurh 

U eu Li U 1 Cl Lru 1 U Li c* 

itiCURtUlSlitflffi allowable stress theory fitfllttlMIB reserve capacity ttRffiHlSRtHHRjH 1.12 
fjpnu W-shapes 1 
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(C) 



FIGURE A.2 



x 



all 



all 



-FyA/2 



RA/2 



M p =F y ~a — F y Z x 
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tsImasH uiTRiiaimgBHBRnjiR iRrnimiMmntjiMt3iraatiii3HmiBHTmSn collapse 

ct ct -oi U ci L*u eu nj Li u eJ n A 

mechanism i Mmnmi3iB*ai3TnftnBuiSnmHWiJiutmiJim imsu^iRHstntnBBatitiifliumflim i 

su L iy n 

iRBantninjnmfJmnitiBiMHBWigBHBRnjimTrTimrifriirifnRJiRTHirniiuM Specification i 

no n U O Litj a 



A. ID. AISC Requirements 

AISC Specification HSCT11Pi§JI|tJ plastic analysis and design Jfijl 

fnntUSi3S1l3 local BamtJHHITRtiBIinti plastic collapse 1 UJimMinRRTHi^TBH mTRltiltiBffTin 

V U 1 A A Litj ^ ct -\j U y 

I^nBIBiintllllJtllMBIRtnMtiraJtnBUlSR IRTRJRII lateral bracing tfintfiJM 1 

nj cu <0i l—»u n Lru o 

tuHjmjmJ local buckling, AISC B5.2 SlHSintlHtiRHlS compact cross-sectional 
shape to A < A p M|jnU9ii3|9Bi3 Si3bJIU 1 MflnUHtiR I-shaped shape tiBtfl W 3t3 S-shapes 
tiWIBjugBtilWRUnMIlJtllRnJlRn Table B5.2 R 



2 t t 



3 t 3 — < 



65 


(US) 


b f 


170 


(IS) 


< 


< 






2t f 






. 640 


(US) 


h 

— < 


1680 


(IS) 


4*'y 











IwHJfTUmJ lateral buckling, AISC FI. 2d RtlllR unbraced length HRUJH1 L b {RaSRlti 

MmntJMtstil L pd towunti I-shaped member 
3600 + 2200 (M 1 /M 2 ) 



Lpd ~ ‘ 



Lpd ~ 



24820 + 15 170(71/! / M 2 ) 



(US) 



(IS) 



(AISC Equation FI- 17) 



tBlfitiMHRinBS M, tfiHthjtofiBtfttilBlTfitiBtitB unbraced length Bti Mo TfiMtitotfrilin 

ct 1 V V U l Z. y 

tinnBju m x / m 2 lilgmsislinnjto m { sd m 2 RRHaR^jinBRuinuagu stiHisRm 
HJtimBialintiiiiJtiifiuiSRmnnuaimtii i 

W’ n 

fdjMIU compact shape totflS lateral bracing fRUfRlB IRHIBBIR M n ifdSB 
M p M|H1U IJTJIBlRti plastic analysis 1 tHB AISC FI. 2d RnJlfitillBlfiiafiUBtolRfiinB 
MBIRtnMBBaiTRim BaiBlRi3RUa!lJWHBIRTIMBlRtnMBIRTRilTTJJBBHRll3HTR[mR 1 

AISC Specification provision If^i3tSjRluEUS1RSi3Si3 plastic analysis and design 

BistiBsimunH 1 
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A5.1 Plastic analysis |RftnBHatTnnM|H1UIR F y <65ksi 1 

C2.2 RHItiRlHHRIUJtimiSfiUfimUBRBBItTlIHfiM BtiUBRRlHBMltiRIHfitmHBTfiflS 

£U tJ n <2j l l Lru 

tints 0.75 </) c A g F y 1 

El. 2 M|jnUMMI slenderness parameter A c HBtfifthjlti 1.57s: ttiCU K tintHtiClJT[tJtf 13 

juMgmn i 

A.tTl. RlllRIR (Analysis) 

TTJMBItJflinBtnB collapse mechanism ITtiStilHffi lJtitiinHtiimiJtmiUlfmalRl3IUB 

U A U w u ct in ^9 ct v 

A.tTl rafntsiRtnSSl collapse mechanism luCUTHHTRl ii?iffilfriEitj1HffiSi3^SffitSTSMltnCUi3SS 

V A UUu wwUnw 

UJTJM plastic analysis 1 



1. Lower-bound theorem (static theorem): |UMBraiRint3IRtnBBfRliral3It3RHHti 
^HlSfdlRfnn (luCUHHtiHtlJFit5tili3 TJIWBti TRURtBtS) tuimflJnBBBUJTJBR 
ttiimfinST? ( WBtiTfiftnBtfrtltTl) UBlUHRTJBRltitlJTfifR'lTfiifiBtjlti DIM collapse 

n Lru cii dn Lru ct Lru V "vi A 

load 1 



B FIGURE A.3 
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2. Upper-bound theorem (kinetic theorem): USffituEU|1nlSi3 mechanism ftJSfi jjnfafiG 

tilt) UIMBti collapse load 1 tfiJtflfi TTJMBItJinHItiH mechanism ttiEUfFItsHISSIti 
Hfii mechanism mechanism fa[UTHHTfiJ 1 

li Uu <£n V U Uu 

3. Uniqueness theorem: TUMBinH1BfTlrfui3It3RHHti!lJtlIint399tlimntnBUJimtmBti 

1 U vu n 

SDHlSfdlBfnn IfltmalnaiBl* WBintnWBTmiTmBUlSn collapse mechanism ISIS 
UBmiJtlI|nf|ntil collapse load !lJtlI|UMBIU mechanism Uinmmti upper-boud 
theorem Si3 lower-bound theorem fltfl mechanism ItJtlJfSiHftiJ 1 
fmlfnmStlJCmnm lower-bound theorem |HftnBimtJTltsl equilibrium method ttnmjKftnB 
nuicmBinaEiffiumm a. 9 1 

in -o ct * 



Qmtnmn a.q: jntisntstatTmm (ultimate load) MtmunHliJtiiuiJirmBlnaraB a. 6a ttfim 
equilibrium method JtJfd plastic analysis 1 fUBfilRIfU continuous lateral support Si3 iutUjjj 
ms A36 1 



B FIGURE A.4 



w 

t t t t t t EH 

W30 x 99 

, L = 30' . 



i t t t 1 Ti - rrrm 




tuR A36 HSnlfi tU30x99tfl comapact shape UntUtilHtUSti continuous lateral 
support, lateral bracing R[RU]}T1S titnSSmHlGSSElJtllfi plastic analysis 1 
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finmfimnBfTlItJlRUBmtilgHri working load IffllJni collapse load fRftnBRMUrrpmBl 
Ri3jtJS A.da-d 1 isltntu working load HSWEU yielding IRRI^tiJRUBRlBti RlJnJtilBRHHi3£1R 
TRftnBuuimiaintirag a. 6a iBlinnjititmjgR 

L»U Lfl-octw l) V U U n <2j 

iRBiBjauBBHtis yielding Bim§HiRHtna|Ri3BtH islinniitiniBHlinBisItlEU M y =F y S x 1 tsl 
tnmftitmjBmRBiBTtimBfRti fiBi3iRRinBMBintnMtini3ifitiiS[ijntiimiaiTRiat3i3BHm5 islincu 

<in VJ CU SU ct C* Ll ] U 

1 1 

ttitu M p = F y Z x 1 IBlptiRtHfiiamitflRUBRIB* lu^aufliBlmBMifTiniBii^m §H|RftnS 
ITURimiBl^ftngBnimRlflimfTinRRHIBMBIRtnMtifil 1 Mechanism BtilRRtnBfRIBlintljta 

U tu ci nj cu ^ 

IRRHIBMBlRtnMBBtn flint3IRRH1BiaiintlIIlJtlIHHdJtiH1BHRUIH1inBRIH 1 itilffiHl 

cu nj v tu y 

fMffiSti uniqueness theorem. HBRUJUITfifRUjl collapse load rnTETWmiltJtilBR BHtiBfdlBfTin 

itammBBBwmRtnBitiimtmBB i 

u ei 

tSlTRtiflnjnRmnJtBmitfiRtlBR titmiRIBItimiBSIRIBHHdJtiinB StiHHtiHltfHISHB- 

U V V CJ- V CJ- 

tJJHlB wL 2 / 8 1 isltntu collapse, titllURIBSmmiBitil 



M „+M =-w„L 2 tl 



16Mj 

L 2 



IRtRilRI|UjmBjunBRIHR[mtilHmBl3IIMMtilHR[lil flBIBJIRIlBBItU foM p tflil M p tBlfJiJ 
Mtmun&itinJin uiaiBHTinnBHRMtTn^TBiBtiinniiiwiHrn imtiim m n islTRUEiB'iumm 

in eJ rJ n rn ‘J s no U fJ U 

mi3HMIUlRlJtiidtJTlBBi3ITRimiBUimafiBM ^M-IBlRaMHRin CUStafOltjfOTBHTFi! fdTHTO 

V 1 L 1 u ' U [J ct Li L»u Li 



qsitmnjnssR 



16 faM 

W = — 

L 2 

hi [inti !T30x99 

M p = F y Z x = = 936 ft - kips 

ItntU <{) h M p = 0.9(936) = 842.4/t - kips 

IRRjnBBBtllRIHIUM </> b M p itflffitTltUn Load Factor Design Selection Table ISlRti Part 4 of 
the Manual 1 

mum: w„ = 16 ( 842 - 4 ) = 15 0 kips/ ft 



(30)- 
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^!/7//Z^A.^UMSra§ms1nagmUlJ[^ A. 9 HSU1S continuous lateral support BJRtUlRgRiti 

1 

uJtUfnfritSin 

fitamiTtmtn: MmnwMtiiBisititiaiRHimaRaititiiSiijntiim itfimHgintiiMmmalmimniiniti 

Lj mcu<3i i vJ ct ct i cu n o 

IRRIBTti *\ tiBIBMRRlffiTfifinBRT unbraced length HfimtnitfimiBftJIBlBtiBti ( WBinBtilTmm 

vJ u u Lnj U ^ U ltuiU 



IlJtmRm§aHBH|Hfmi bracing fd^HIU plastic analysis IS) *1 



uJitmi3tuBi3MBimBit3i38itiiai3 MBHtsiBnjiBnrSamBlnnnitiiitiiai namimiBs m, = 
M, = M„ tJBIBSBHHIBRUUntiaU < BHi3S1i3nJH1SMm'lt3ts?ri) tltHS? MJM , = +1 H AISC 

^ y v <=* TV cn u 06 u iz, 

Equation Fl-17, unbraced length HdUJHId 

= 3 600 + 2200(>f,/ M2 ) 360Q + 2200(1.0) } = 

pci ^ y 36 V J 

BOrfltal gHIB8IMIIRtnti|fnBIlJimHBtRffTlI lateral bracing 1 
tflHffiSti lateral HmBWIBlnnJTltlJUlJia 

v v no 

L p =15 ft < 28.2ft (OK) 



Unbraced length ItJWTKfnBlinjniHniUUmtlimtiMBimBlnnjntllltllia 1 flBSHISdilSititUBS 

L»u u u v- cu no 

IBlTfiUBtiWmRIJWBIB tiBIBSflHBtfifR'UfmfiimBl design strength IS 1 
8 rSar:i\ti lateral brace Htmslmuntmcmi 1 

Af Lj u n o 



Mechanism method RUSH HI upper-bound theorem S H jjnil n i Hi 13 d [Pi II collapse 
mechanism tuRIfTIBiRdHIS 1 Collapse mechanism [IJntaTfiffmHBRfiBtfitilfiBtitmj iffiffi 
HBmtiUJTttfffltjl collapse laod 1 IRTfifHBffiimromiliniUW virtual work wrcnuJfnfi 

< 2 j Lru ct A Uu l r> U 

mechanism SHHJ 91 Mechanism fdSfiTd!Ji3S! virtual displacement TMUIfflRlHBUIBlIlJtllinB 

X) Liu u l Lj 

IRfitnBJTJM mechanism ItBHJIfiflTRHBBltilTRl StiRBSSItiRtiiMmi TJB'lUHmfiJnBJRBBIR 

n Li n ot vbet <ii 

SSi3Jfll3t)Sf3 Si3tUSfnnSHHHi3tnM1j M 1 niBRIBMIB8TRitnBUtJUTlialRl3qBlUmm A.CTl BtJ 

<£n c> v eu <h y is- L»u in -o ct * 

A.Cs 1 



qgnman a. m: GHtiitit t3 cuthJ tn stiwi mi si H4a ms a.e* his compact cross section ttituHis 

ct Liu in -o c* V A 

design strength foM p =1040 ft -kips 1 i jlj mechanism method iuBji'n collapse load P u 1 
fdSd continuous lateral support 1 
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M FIGURE A.5 P 



2 P 





duimgremm: rams failure mechanism fjrmuamssnrariti i tittttiwutiirmsl minis a.s 

u Uct v in ^ ^ v 

!imsnra[m:ffi 3 raft 3 fntt 3 tUR[UTlFiHl 3 fiSHtIJ 9 ras! rigid-body motion 1 uJHTHItifi mechanism 

aUuct n u v C3 J wn 



islntiitiiti ab tfra vituai rotation e raii a 1 milnjitinjralmisIratimsratnMtiffilfnsiJtiini 

ct cs' Li Lru ct Li tu JU &\ Lru in ~0 

islntiius A.fcb ttfiffiiJciJifjsraHsriJfmjrasRti 100 i mmcuminfirafj virtual work 

c* V <* 

RHBBltilTRl = RHSSItiRti 

in Li ^ gi cx 

1 

P(lOd) = M p (2d)+M p 0 

( JiHsmsRHsmtiRtitsIrati a is umsJiHsmsrjsintnwtj) 

n ct Li Li njcu<3i 

collapse load Pi 



3 M p 

10 



Mechanism MTtnUIUJtiAB mBWnnJi:8WmtJBB: ratifdSinSItititilfdSlfifnMij 1 Virtual work 

Lic^ 0 1 ct n u ni cueu<^i 

BltiRti Sti virtual work BltinflintiRIimn 

ct Li ct 
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2P u {\5e)=M p e+M p (2e)+M p e 

p u =^ m p 

HIBfnnBnnBSTHfrrUUBRHtStiia titttSSfltfl mechanism tutUTRHT?i! 1 Collapse load 

C3 Vju <ij V V Cl Lry A 

BBtlItnBUJimi|S (/) h M p tjSfd§j M p 
m$a:p u =f-J h M p =^(io4o)=i39 kips 



ElffttmanA.d fflUlfi collapse load P u H|jnu rigid frame ItJnmjflimBlntilTJB A.e) *1 HttR 
BHm9inMI|jni3R W21xl47 itiCUHlS F y =50 ksi 1 M3R lateral support tilth 



X FIGURE A.6 





Beam mechanism 




Sway mechanism Combined mechanism 

(a) 
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dramsfftnaj: W 2 1 x 147 til compact shape M|jnu F y =50 ksi S 13 H 1 S lateral support tlTii tits 
lS§fimnniWR 8 [ 10 nt 3 mn|U{tnrj plastic analysis 1 

tiBUtiltniBlfitiJUa A . 3 mms failure mode BBBtJWTH'imTfi'ltilB*: GH mechanism tsl 

U in -O c* U li U U ct 

1 

Ri 3 Hi 3 R BC , sway mechanism StiHtmgffitjmSttB mechanism 1 imtiBttfrflHR'UlfTlfi 

c*n J w U *J u n 

mechanism BHmsitfimtflR virtual rotation 0 IBlTfiijMB’lRHHJ ItfimMnMIMHRlItjlHBRHB 

U U fU u 1 

IfflBtiHIBn 

i 

Virtual displacement JiJfdGH mechanism TfiftnBTJilirmalRtiJnB A . 3 b 1 nfdHfnCItS 

A ct Liu in -o ca u 

RHBffltinrii BtiRHBBltiRia 

n Lj n ct 

P u {\W) = M p d+Mp 



( 5 ^ 




(7 \ 


-9 


+ M 


i 1 


v 3 ; 


p 


13 J 



ititmmyi m p flawl}] <j> b M p i itfisymtijm p u 



P u = 0 . 3333 Mp 



mMBItilfiHBfifi axial strain IBlnaHtifi BC . sway mechanism 3 ti 8 BT 9 tilTgimtiBTJiJl[Tl 

u ctn J 7 j U U u in -nj 

islnmus a. 3 c tjiHffistitlciiifjsRiHsriJitlRaGmTRia b sis c i tfiltnn wMsTmjfdsif? 

<=* V u V c* Li ic'Uni 

si! 3 HfjRCURan:Tfi 3 itlfl 3 m: 

3 U J ct 

P u {\ 59 ) = M p { 40 ) U P u = 0 . 2667 M p 

njtJS A . 3 d , wntlJfninmB virtual work fiiynti combined mechanism cjj 
P u (\ 50 )+P u {\W) = Mpd + M p 



( 5 > 




(2 } 


-9 


+ M 


-0 + 0 


v 3 ; 


p 


v 3 J 



-Mpd 



P u = 0.2133 Mp 



(tmi) 



GWm : Collapse load fiiynmyntiR P u = 0 . 2133 <j> b M p = 0 . 2133 ( 1400 ) = 299 kips 



GOrfltTl JlinBB[mBlJBm 8 *lfll 3 JSlBfTlf}fTlRmtir 5 n ISISUtil equilibrium method HS 
[RffmnGlJtlfnyiU mechanism RltflHJ RfiffifmifijimtiM mechanism tSltnCUt£ 3 CUmntJt 3 
lBi 3 HHi 3 fJSRTfddlSlSi 3 mechanism HtmlSmianiTflimifniMBH failure mechanism UIBIBl 

V Li w Liu i ri 

na equilibrium method intRiTRnriBHTmiMBRBHm 5 MTinUMfRfnn BtimifutilBR HHRltlCU 

c* 1 Liu Lijj U v/b u Li l y 

mGSSCUtBRtnSiintlJfinSG HjimflHBTRifmfmHItifiTfiU mechanism 19 1 

u n Lru n U 



Zimins a 
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A. a. fmfilUimHSfnfi (Design) 

fiiimimnafTiranjimnTMiiJttimaarTifJmmiJi infiSMmrniatsiHtmniiJtiiTRiintiitiig 

U lJ ct i ct U rn L»u o 

mflHHiltnMBUJtlJTRifTlJ M n 1 tfilinW collapse load ttlcuggcutnsnfnmnjl service load stira 

v eu & l-nj P n 1 u 1 

mmuBfn 

1 e* 



qmtman A. 6: OHtilUUItliaiJtiUUunialniaiUB A.tl TRligsl gravity service load *1 USRS- 
Hm9tin9Ti3ufimuBmtsi 25% smisnmtir 75% s imra cover plate tsinaftua bc sti cd 

l) O vj <£n &< l_J J -ctc» 

IwBtggtUtnS moment strength utnuElJtnSUfcnCTl 1 S3 SR continuous lateral support SHnSfi! 
UMiuna!iJRMunn|ning A36 i 



FIGURE A.7 45* 

A 



57* 



57* 



\ 


U i 


^ C J 


D l 


is A 
S', 


!p ds 
5', 


is 2M P ds 

t 10' . j t 10' 


is hMp 1 

1 < IQ' , | < 10' J 


„ 1 


3' . 


r 20 ' •, 


r 20' 









(a) Service Loads 

67.5* 85.5* 85.5* 



V | 



I 



(b) Collapse Loads 



67.5* 

e ,r e 



85.5* 



V U p u 



u 



_ 5 AM P 



M p 20 



(c) 



2 Mp^™ 

(d) 



85.5* 



5 /3 M 



i ^ 



lt ^j- , 

4 20 



(e) 
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rfrn/nsffinm: Collapse load ItlCUSStUtnSlolffimJFiCUl service load UJimiHfflmUBfiMHtMtn 
fd[BTu~ service load 45 kips 

P u = 1 .2(0.25 x 45)+ 1 .60(0.75 x 45) = 67. 5 kips 
MfjnU service load 7 Skips 

P u = 1 .2(0.25 x 75)+ 1 .60(0.75 x 75) = 85.5 kips 

IRTHiHian mechanism tjItiCUHlB mechanism HmialltBuiJtiHHn JUS A. fll c-e uaimn 

Liu n V C* U v Lfl-o 

mechanism SHffiOUmffinJtfSl virtual displacement 1 IBlinWlflWMmRtnMtilRnifffaiBlTnia 

u Li u a tunj^vJLi 

U n v 1 Cl cx vJ u ^ e» V eu 

mu *i 

m Until wa ab 

RHssimrni = rtuBHiana 

vt fi l_i ^ Cl ct 

67.5(56') -M p (20 + d) U M p =112.5 ft -kips 

m Until wa bc 

85.5(lO0) = M p 0 + 2M p (20)+^M p 0 U M p =12%. 2 ft -kips 

m Until wa cd 

%5.5{m) = ^M p {0 + 20 + 0) U M p = 128.2ft - kips 

Upper-bound theorem TflftnBUfiTfinmtiBHiaiTfTlH: mmSHHi3UlMt5tt3nJT?iJmsa mechanism 

A Lru U V U cu U EU LfU c* 

tUtUMSFiRRUtjia mMBaHHtitSIMBMTtnti collapse load 1 tiUiSS mechanism ltiCUgiH91J 

•s* v -o^ueu^Li a v 

MSfOnUHtiUtiltimtil mechanism ItJCUTtiHTfif *1 Mechanism SltfnJUttJTmffiHISmH 

d V U Liu 1 Li eu 

Hum JJ?iffimUSamRJSTi3RatnCUtaciJErn frlSJSlUMMaitiWTRfmJtjl design strength lain 
TfilfflJ tiBIBS 

Liu V 

<j) b M p =128. 2 ft - kips 

El Load Factor Design Selection Table, jUJltttuM]firiCUtjiajPiFi lT16x31 JuCUHIS design 
strength 0 b M p =146 ft -kips 

Minima m6x3i wimTRnnsmnHiamfi (iBnamHiu9A.cS) 

eJ Lnj U eu u 

m until cya ab 

YM b =U a (10)-67.5(5)+128.2 = 0 

SiUMUSA 489 



T.Chhay 




Hm1sjicumM[uiaw!cij 



NPIC 



V A = 20.93 kips 

V B = 20.93 - 67.5 - -46.57 kips 

wtjnuta bc 

TM b =-M + 85.5(10)+ f-V - V c (20) = 0 



v c = 



85.5(l0) + (2/3)M p _ 855 + (2/3X128.2) 



20 



20 



= Al.Qlkips 



V B = 85.5 - 47.02 = 3S ASkips 

fj^nmcyia cd 

SM c =-|m p +|m p + 85.5(10 )- V d (20)=0 
V D = MB ‘Skips = V c 

tisiBs nmtimnBgtiJinmtn v r HtnBHnnta bc mwm Aimkips i 

y cu v c? m ct 1 

ClXltSl nl3 Part 4 of the Manual, shear design strength JUfti 

W16x31 R 

<f) v V n = 84.9 kips > 47 .Qlkips (OK) 

m§m:r§ wi6x3i i 



A.Cc. fniMSfilS (Conclusion Remark) 

rmlfnms mechanism ifltiiiiauannTiJimuiJifTirifnnMnftnfnmaHigtmiJtiiHatnantu 
nmslsisil Utmtiimtiiaialnia plastic analysis or design IHUmWBfmitJimJBmUUtB* 

in n c* A J u Vj v & 

tihtitiimwin inkintss inniHiaRHBiHiniBfignniraMRHiainHHm BtiHihannwTinuHtin 

n wnn a su u y Un 

ftiWttamtiRHItiRIHHRl StiHHRnR uMSl rigid frame IBlfitiE|gUimm A.d 1 

cu O y y c* 

BltT18!n!mmiJtlIH1Btlimm:gigilJtitil equilibrium method HlSSffilffiffiltiEUHRlSlRti 
the plastic methods of structural analysis (Neal, 1977) 1 ItfltUJlHISjUHSlutlJHIStlJRnfU 
fdRfinnifdTHltj mechanism method iglRtim tflHffiSRlfsiSS ItJtmHW'ltlhjltil method of 

•~*> -o l—I LJ ’ll PI 

inequalities IRHltiRtinR mechanism I ti tlJ JR H [R i I ul til linear programming technique tultU 
til nil mmmm plastic design BHmMTinURimBlin^auflfnmiBB mstiisisl mechanism 

dn Li 1 - ‘- ? v^>Lj Lj u PI Lj 1 n 1) 

method itinraiiirniBinaquMHBiBsnranmiBiuim 1 

1/1-0 ct * ne» U U 
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Appendix B. 

11 UU n lUitg 

Structural Steel Design Based on Allowable Stress 



B.9. tfiJtifittaH (Introduction) 

fnnSWRIGtJbJflb allowable stress design Sd loads and resistance factor design R 

tHRcuifiifsifnci i * talfiti lrfd iRHBiRiHHimuBRiBlttijTJBR aaiHRomiMMtiigiiwnMMti i 

ii«^ <=* i o i i i n ir> 

twrantss RiHinMiHRnjiuaRinTMmBaTTiingraMuaR sdRirasrasR i islRd allowable 

CU 1 Lj Lj cJj \J <£n ct 

stress design (ASD) IfilfUIRIHRimMjRmnHmfiR IuimfltRftnaHaiRI9llWRl3|ml3IlJllIina 
tSlRbfiTISfnnRtUlfi 1 WIBfnnRnilRIUM ASD RjTdlujbmfdjWd LEFD R yielding, fracture 
Sd buckling 1 tPHEUfTI JClfl JTJfd allowable stress analysis and design RHlSytsRiOl: 



RdtRidisInd rmsmnRnFRTRitnstQn^HmsmHRtuirdfBfnntBmsstiJtnsRbTfribHsnTiEi 

iU ct cv L»tj u ii<v Ed w lUim 

ItfiffiRdTRId HmmtnftitmRRI9Tdltfim service load ulRSIRHSTRlRtjIbRbTRIbHSmiRtSo 

l U &J vJ L»u i U i m 



191 gOlUUtUl RipnURHIbOICTlRlHHRj 
P 

ft = — - F , 

A 



(B.l) 



ultu f t = Rdttndmnmimai 

P = USR9iniRlHHRjl§mJ 
F. = RbTR1t39iniHSnTIR 

t 1 Li -o i m 

Rbrmb91CTlHSnTlRH1QtiltitlJlQRlilb yield stress tfiHHJBdlHRimMiflfTin mjltitlllBRJfld 
ultimate tensile stress tfiHmBdIHHimMiRmrittildIBfR 1 iffibSbiJftJntjnHbRJbR1J9initUHR 

u l l *>• O U U n 

tSlRbl^RB.lai 

ot c* 

IRITTJ ASD MTinmTR^auflllJRHainnillJniinaRllfimmriLRFD Specification ISlRdfil 

Li Li Li U m i 1 ctct 

i i 

1989 1 Rintn*tlHIWRlil3I|RimiUM ASD Specification (AISC, 1989b) lUlffiSd Manual of 



steel Construction (AISC, 1989a) |RftnatijrjtijimiaiRtigl 1989 1 RimjUBi]Rftmmwi]RM'U 
91bni8imtdH1SWR[lF:^dldjbmSbRirnjU13tlRriJirmrj LRFD fan IRradltsR Specification 



WSRtfltffittMIClj Sttmcun AISC LRFD Specification Sti Manual 



fiUMVSB 
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tilfjnR ( qmumm “Chapter D, Tension members”) ttrim Manual Srattrefitiligfi ( gtstil 
“Part 2, Beam and Girder Design”) 1 tslfjfci Specification HISfrintlTlSI iuTtlJ Commentary 1 
BHRWmilBlfitiWHRU B.l H1Bninnil:TMIlJti3miBlBi3fnnTUTtnMia1ni3 Specification 1 

n m os 0 Li lJ ct U U a 1 

tmruHnn f MrmuRarsnaiiJtiiHimBitiimMa aaimranmi f fdTHiunmmtfHsnrifn 

UvJ^UiU n UvJ U i U i m 

MBMjB|isuntuingRa|ma i 

ii^mimiEiuMHaiBJTmBiH^iMtimimBfi tiBiBMmaHBTfifRimtfrwsuiRJHM aisc 

ns Li n v LruLict 

Specification TJltlJSMHRing *1 MHRinalRaE|UMHBtB*mRIB[Tiri Specification IfilUJSMHRU 
tnftilBlJimgluJimSBima 1 ttUfiJEttBS tBlinnJUJnnt5tiI{UETlRJ Specification U Manual tai 
rijeitjmhbib* tnss^itmmfp allowable stress twmtuafRHismnnjisi 1 

HaR^tyQsismmtinsii^auaiSfifiyrdiEyamrdymu asd sti lrfd i gmuimfi net 

I 

area Mf]mUHtiRjaR1immRtiB|p JHUmUJmti s 2 /4g biynu staggered holed ( miRI|Hjn 
IBBIM) BaiHRim U biynu shear leg (IfflSUtil ASD Specification IfURIHHBJHITJM U 
BafllRMHRlIM|jnU U tBlRtt Commentary Rltfim mmyjmtiWHISISlfiti LRFD 

O . <=» 

Specification IKD 1 StfiHStUHJfd compact member, noncompact member So slender member 
1118 LRFD Specication QatTRItIJHISRinRtIJHnQS *1 tflBIffl ISlintUHlSfTinHSTfiJEn 
Jfltt ASD Sfi LRFD provision IRRIIlJl*lMimuJimtUinW LRFD Specification tpgfims 

MHtDRltin 

imgtjlflHBHlSIHRtUlUBRiaiRa allowable stress design Rltfim IRIBltfiJnBRRTJBR 

l l i 

fd8isttaii3?ns1m3fTims 0 rasfiiJlj i qmumm ^BigliRittfnBiuBRMTHiuiTR^auSSutiiiJBR 

vJ Ct \J &X V U & U UU P1UU 

11 11 

tsl: D + S . D + W ,D + (S/2)+W St3 D + S + (W/ 3) 1 ItUfijntBg Specification HSC171R 
allowable stress IRBI^aHmmRUIBlinnilRnunmtmiBRSJW BtiHBRimmth Building 
code tfilJBBRmBRlItitlRUUIBSltil 1 

ASD Manual RHISfnnti Sl3ujnpHtini|QS]TdiujiamSti LRFD Manual ?E3n tmt3St3 
uflntRiHniniiJniMBiBHRURTtmmiBlRaRiiiimBifiMiauiB* i 

M U U Li o* a 
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B.lQ. HtifiltifTlISini (Tension members) 



nrjHfnj b.i RtiiinaffiniinHHnjiiJtiinimmn f,=P/A i Allowable stress ntumw 
MISfnnROnfi yielding Si3 fracture ftinntjmglfitjUaifi 1 fdjWJ yielding Itlfii gross section 

Rarmanaingn 

i U i m 

ft=^~ (B.2) 

tuCU A g til gross cross-sectional areal The factor of safety £il [HI U cdH S ffl H il [111 hi S S fi 5/3 



luimRaTsnaHBtmnn 

l U l m 



F t = 



F.S. 5/3 



= 0.6F„ 



(B.3) 



fiJJHlU fracture JtJfj net section 

ft = f (B.4) 

4 

ttitlJ A. til effective net area 1 raRtUlfdlfifnnR 2.0 UJWW9tiWIUMnmfiltiHBnTlfifi 

e 1 1 c=> i Li i m 

F t = = — = 0.5F (B.5) 

' F.S 2 " 



Qffitnian b .9: TnnnBHTRarsnaiginaHaHiafnigiiTiiiJtmiiJiiTiiginaiuB b.§> IfltmnnringR 

Uu U i Li ctri in -o <=« v 

infill 50 kips i ininjitifiTTiing A36 gtiugTtiHtifiSn 7 /in. i 

C 1 Li Li y vJ n i* / O 




Section 



B.2 343 B.3 Rl3|?nl3HS!RSiSltCh gross section fi 



f t = — = — = 20.2 ksi 
A g 2.48 
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luimRtiTflitiHBrmflR 



F t = 0.5 F y = 0.60(36) = 21.6 ksi > 20.2 ksi (OK) 
Rti|maia 1 lt 3 net area R 



A n = A - (thickness x hole diameter) 



U ISIS effective net area R 




A e =UA n = 0.85A„ =0.85(2.105) = 1.789m. 2 
M|jnnMHR 1 IB .4 Si3 B.5 




F t = 0.50F„ = 0.50(58) = 29 ksi > 21. 9 ksi (OK) 



mSa: Ht3RRHistumhi:TRUTRis <\ 

Of n a Li U 

B.fll. HtiRJtifTUfiJtiR (Compression members) 
Rl3THiaiBlnaHl3RIlJtlIIi3R1IMi3RH1HHRIR 

l U ct r> n rJ 




RtiTRItiHBETTlR tawRltliltfim F„ TRitnBBBUJltfltmBR critical buckling load tflHffi 

I U 1 m Ci Lru u < ~ 3 u 

BaiHRIUlMiRmn 1 tHRMWiRmnWTHIUMWnHBnMB (slender column) IHBRtHtTjI ItlimiH 
RtUlMTH'rofiJMI inelastic HIBRtHmjTtJtin ISlRti ASD nWMi3Ii3R1JMtiRTRftnBMnMJtfi 

l U su U Liu ct i n n Lru 

HSRHS1S slenderness ratio KL/r UlBIBlna LRFD nMMittfiHBRHBIBlBti A = 

l l n ct i n i L 

(KLI rn)^F y IE 1 IBlgtifiUBIHBpMB Rl3|mai|Rl*glRRtitlIlBRlfli3 Euler buckling load 
BtiTRBTllti U 

Li vJ cSi -v* 



fdTHIURUS elastic !lJBMimnTRTRitnBMBRIMBi3 F v / 2 IRBaiTtlMHRlrflJWtnBriRliniWlBlJB 

Li Li Lru y Li V 

81r31‘jTnH^Sfi3§J tangent modulus formula: 




2 



(B. 6 ) 
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F =F 

cr y 



\_(KUrf 



2Ct. 



(B.7) 



tticu c r fUHmrj kli r f v /2 i mbhij b .7 utiimntsitnnucmtiwtis 

L tu L 17 J c* l U y in -\a VJ V 

stitsjsmti Euler lSl{?ii3 KL/r = C c KLI r - 0 1 iffitiffltsJfi 

MHfflifiJfH'lij C c U3lffitl|fiS1i3mraMMHfnJB.6 1WS13 F y / 2 l 



n 1 E 
(KL/r) 2 



n 2 E 

cl 



itmasstutns c r = 



\2n 2 E 



(B.8) 



HssHfnmsImHtiiuiriJlBfnn nMMtifdfijnnjfiiJS slenderness inm TfiftnstitiiniitiiffiTmmi 

i i n i i «>• in ^jLiuin^Li 

nsImarasB.lm 



■ FIGURE B.2 




^Htsscus!Rl3Tfnl3fi3l3fiHsmi?i iffitiraRMHmj b. 6 sti b. 7 tjTHCiistitHfiEinfjf Bfnn 1 

WuWlUnim u ii«-v 

IHtilUlfdfBfnnfiJTHlljfdfdnHgTlMljB 23/12 1 fdTHlUfiJfiJJ inelastic imTmHfilMticmTmtJEU 

1 1 cv Li vJ & Li Li i Li Liu 

ttosimfrriH: 

FS 5 + fKUr) ( KLIrf 
3 SC, SC;' 
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MHfnnSSHISmB 5/3 tsitntu KLIr = 0 ( titifnfiJTH'IB yielding juMHtinitifnjBim) itriffi 
mH 23/12 ISllHEU KLIr = C r (TTJIU1HJ 15% tnSBtjHa 5/3) 1 UJimitiRMHmmMMtitilHm 

su c u U i n w 

IHmmMfRfnnilJtllMHTMU lffi!3SSnJtnSRl3Tffll3HSmi?it3lj81l3iTfTIH: 

1 1 U X) 1 U 1 rn V Li 

fdjWb KL/r<C c 



F„ = 



\ ( KL/rf 



2 c: 



5 3 {KLIr) (KL/rf 



(B.9) 



3 8 C c 

fdjWB KL / r >C c 
23 



8C; 



F a = 



2 77 

n E 



12 k 2 E 



(B.10) 



(KL/rf 12 23 (KL/rf 

WTHitimimtfnjHisHSfrm slender mf?i!mmjfTifiBSffiRl3T?nl3HsnTimSHiB?inciJSfrinit3cu 

L) n 1 Liyc* «n l Li 1 m eJ & 

H'ltstRfiH'IS local buckling 1 mSSEU iHBlUlfTlfiiJSEinSin appendix itiEUHISiSlfiti Specifica- 
tion 1 

^£/7//z/7B.^2R[uifitJsmBmmsmi?i p MTHiuHaniafniMamiJtmjiJifnialnaiuBB.mi 

Un n m -nj v 



m FIGURE B.3 



1 




W14 X 74 
A36 



fitamsTfmtn ; TnRriaRTiHtiiSiiHHaRtilHamiJtiiHiaHSfnR slender mini tiniintuBBaiiii 

U Lnj U n n l U 

RTH1MMTH1UH43HIi3fTlIMi3miJtll9nBlnl3 ASD Specification H13nJfmn:tit5fms1fU3 LRFD 

U U n n U ^ 1 azjctct 

Specification: 
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2t< 



= 6.4 



( H properties table IfcltUHlSlSlfii) Manual) 



95 95 



F y a/36 
— = 25.3 
253 253 



= 15.8 >6.4 



(OK) 



F y V36 



= 42.2 >25.3 (OK) 



fitittntin f a =p/A g tiBiBsuEmuJwtnfgnn p = f a A g mimuBnwtinHBmfiR F a A g i n 

fJHfnJB.8 



c c =. 



\2t: 2 E _ \2n 2 (29000) 



36 



= 126.1 



tiUJItijU slenderness HRUJH1R 

KL _ KL KL _ 1.0(20Xl2) 



r r r 

' ' min ' y 



2.48 



96.77 



CUStaCUttlCUSSCUtnSRijtjlR C r uQtSotRH1QJRF„ nfdHffli B.9: 

C 3 u V t 71 U 



F 


\ (KL/r) 2 ' 




y 


2 C 2 





36 


(96.77) 2 






2(126. l) 2 





F = 

5 3(KL/ r) (KL/rf 5 3(96.77) (96.77) ; 

3 + ^Q 8C f 3 3 + 8(126.1) 8(l26.l) 

P = F a A g = 13.38(21.8) = 292fa/« 



= 13.38^/ 



Design Aids 

ASD manual HIS column design aids lunJHISS^HljlfdiujtiRliSiRl) LRFD Manual 1 
RtiHmmH aids simsifnmrastjimntifdTHiHHSRfriHHRiHsmiR 1 islintmmjmcmmfti 

ct U UdjOim is- U 

THMSfnn kl sDcusfnnTSHsmHmntIcumHmnsiRDmna mmHiRtnssfHsmmticuHis 

Ue» e» U dj e* ct VI 

nJSfnnTRHTR1StnStihl3iCl!ls 1 titsRISti LRFD column load table ItlJ IRRUHTHlfRTHMHfnn 

<P Li Li U yd w Li Li Li e» 

K y L mjHSamSHCUfnnHHjHJHl r y 1 HjimgjRmmHHmCU K x Ll(r x lr y ) 1 

!SltnnJitlnjmJRtHR[Ul|Ht!l3|HMSfrin K n Jackson-Mooreland alignment chart Ifi 
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Hits HaJniHHimmnuam stiffness inelastic tSltCICUtTIR ( KL/r<C c ) 1 

Manual fitinHnnawjpiumreitoiBMtii i 

B.(s. GH (Beams) 

fitittntinHHHmHIIBlnti homogeneous beam 
tnftna^JUJim flexural formula: 



c = BiiimriHfgiijimglMiiMitRiiRutin 
i = HHflsGthfnnmjuHRjnei 
5 = HStUHSmfflHflTIMG 

v r 1 vJ 

minnJiaiRaigmBJtnftnBnimHtnH hot-rolled I Si3 H-shaeped cross section UjCUJflfTIJnfi 
tGjuHRjinmsIsfl^ssfl < hrj x > i 

RaimannHBmntHftnBMmtmiJim F b aimniSmBmnnimntiBniffl: yflding, local 
buckling U lateral-torional buckling 1 iSlfjfl ASD IRBi3H1BmniJim|MtlIUIMBra mmtlRGH 
flinjR: §mSthH1SS[H81t3 (laterally supported beam) BtigHfanJHBtnBBfHBlti (laterally 
unsupported beam) 1 {flMSragHHIS lateral support {HU {RIB RtipntiHBmRBimntij 
yielding RtiRIimHSRlfl compact ItlimflBi3tUinw local buckling RflRJ[lflH8fTlfi uncompact 1 

i i 

RttljnAnRHSnTlRM^HTO laterally unsupported beams SflCUJnth lateral-torsional buckling 1 

Lateral support 

IHRHTllfHttJtlJtnB unbraced length L b HIS lateral support ]flU(mSiuflfjnlimJ lateral- 
torsional buckling isltncuto L b < l c ifltii l c tiiHiHHBtiiainnaBiiiniH 




Me M M 



to m = HHiannHRmHiia1mjBH 



L, 




(B.12) 



L, 



200 b f 



200 b f 137900 

— < t ^ — 






(IS) 



A7 {‘UAf)F y 
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laterally supported U laterally 

U 3 a &J ct ct 

unsupported 1 

Laterally Supported Beams 

JUWBIU laterally supported beam mBIiaRtittniatiWBBB yield JtfltUfpS local buckling ISlitH 
utuifdlufnnii 5/3 tuimRiaTfiitiHBrmRR 



ninsimiBSTRJatiiunafiJwinBtinnGluggtiitiiRTinMMmBliiJBRimHSMutiHMTHiu noncom- 

S si i-ru V U n 1 U 



nuteRimmuM lrfd mBiRirufiiBlgiBs itfimimifiHBmRgtiialRtiMHRn aisc mthiu 

l n U ct U 

ASD) 1 TUMBIUHSRlfilBS compact IRITlBggtlltllRSimtnMtiinmuJimmB local buckling 

U i w a a tu -o ^ 



F b = 1 . 10(0.60F V ) = 0.66F y 

fUJHIU noncompact shape, AISC I{U linear transition hi SIS 0.6 F y St3 0.66 F y 
UJimnnilWRlH b f 12 t f 1 |HU hot-rolled I- and H-shapes SltiHfiKSlnti Manual HIS compact 
web 1 Ri3{ffli3 HBimRMtH1URinjilB*9jtalRMHR1I&ltiItRlH: 



JUS B.d UUininSSlfisSl3J!li3t3CUmfSSl3JWRTUlfdtj1HtUSl3Rl3TffiaHSnnUfiJTUlU laterally 
supported beams 1 JEUulo^fiTItU slender shape tsl nil appendix UjOJUlSiSl fiU Specification 
thaflHBHIB hot-rolled I- and H-shapes JSiRti Manual til slender IS 1 

in r ct 

Rt3^fi1i3h3|H"IU laterally supported beam H1SyQ81r3J|jTIH: 
tUMBIUIunatil compact 




pactness ttiCU b f lit f =95! ^F~ y (US) U b f /2t f =250/ (IS) 1 CltiBRnilfilBSSMgn 





F h = 0.66 F y 

tUMBIUIunatil noncompact 



(B.13) 




(B.14) 
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Laterally Unsupported Beams 

nfi3R3i3Jt)fj lateral unsupported beam lateral-torsional 

buckling 1 iSlfiti ASD, fdTSfnniSStflSnJ till tin: uniform warping St3 non uni form warping 1 



Uniform warping RHISEIJRttfirraSJlfdG IUimwiBfTl[1R[mRfi 
0.65U 



fu = 



L b d / A y 



(B. 15) 



uJtu d = fiHfiJfijrarafiJtiH 



n l 



A f = TfimitilUMH'imtifniMtiR 

,/ U vJ <* cu n 

GUlflR nonuniform warping HIQttl inelastic URlHSjlftJG 1 Eii [tTI Ut H 9 j~l Edu warping, failure 
stress R 



f nu 



2 77 

n E 

{hlr y f 



(B.16) 



MpnU inelastic warping, IRI|UMHRlrflJWtnBHRClR1iriltmi3!lJWinBWn[m:tMIlJjl3|nBl3 
W H R1 J fd T HI U H 13 R 1 13 R1 J fiJ 13 R 

Li n n 

\Jbdht 



f =— F 

J nu 9 M y 



2 C z 



(B.17) 



ttitU C - RIHHRilJHlJtJfj L b Mpnti nonuniform warping til inelastic ( ftJMSra L b > C , 
warping til elastic ) 

"IT 



= 3 n 



5 
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Buckling stress B.15-B.17 tnftnannilHIKHIlJBSMUtiniUM F y 1 JUS B.5 

tltiinin uniform warping stress tjIHSnHSiSlSfci L h StlJilS B.6 U i3"l CTI Cl non uni form warping 
stress 1 



« FIGURE B.5 





iuHJSSCUtnSfiJHfTlJ AISC lateral-torsional 

w w U i U i m 

buckling, in|RilSmi?RRtHfl9llWMHmi!lJWtnBIljunuriHBgt3HI9l: 

1. tfiTfiltBfi failure stress 5/3 

Lru u i i 

2. infiBMmBBtiifnn r y uiim r T !iJni^fnBBwmniBjuHRji^mM|jnu BiimniuM 
HSmHUJnJHIBtmmtifTlJWtiR BtiHmmHtnBltifiMtinJUMTgBia 1 fltHIBJHBtjlSWm 

i m n u <=t n U i m i ^ 

n r v ItJtmnBIBlnamniaiUMASD Manual 19*1 

y c* 

1 

3. |HUMHmim43HM|RftnBMnMniJiminBti[lIIBjU L b /r T 
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4. tHfitUl C b unbraced length ( fdBfTli 

warping ntumWHH^nglltmM) 

5. “ESIotJtjl lateral-torsional buckling strength [fi JljISUIUfnBfTlEI U 13 uniform Sti 

i 

nonuniform warping mtflHJ RAISC ipufllimilJtmnaniHntilti *1 
IHintSMiaUMHfni AISC M|H1URa|manHHamHM|]mU laterally unsupported beam 
BBitiiffnH: 

>T \ F y 




(IS) 



hi {H"IU 



F b =0.60F y 

1 102000 c,, 



< 



U 



< 



510000C7 



sa 



Fy >T V F y 



mnntHuJtiiBtiiaiHnaBinjnH 

ct 

F y {L b /r T f 



F h = 



F b = 



F h = 



F b = 



2 

3 1530000Q, 

2 F y (L b / r T ) 2 

3 10550000C,, 

12000C, 



F y < 0.60 F y (US) (inelastic nonuniform warping) 



(B. 18) 



L b d / Ay 
82750C/, 



< 0.60F, 



L h d! A 



< 0.60F 



/ 



M|H1U — > 

r T 



510000C,, 



y 



F,. < 0.60 F„ (IS) 

(US) (uniform warping) 

(IS) 



(B.19) 



(US) ^ > 
r T 



3516500C/, 



(IS) 



S13 



mRRtHBtiiainnaBiiunH 



F, = 17QQ00C ^ 0.60F, 



F b = 



(L b /r T f 

1172150C* 



< 0.60 F 



y 



m^ <060 

L h d/A f y 



F,= 



82750C* 
L b d / A j 



< 0.60U, 



(US) (elastic nonuniform warping) (B.20) 

(IS) 



(US) (uniform warping) (B.19) 

(IS) 
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ASD Specification §JSlWHmiW[HTO C b ttiCUSfdn C h ttiEUfjjttfim LRFD 
Specification msmHIQ^UHtfJnfnntnS 1 ‘HCUTITsl imsufrl flexural strength Ititmffl'UafnH 
LRFD C h mfrlffi RflBSmStftmn?iw{H'ra allowable stress ttiCU 

B.18 - B.20 1 llH1SfriJfiJfifiJini8im3fnJEinflS1 allowable stress iiJfdtm 1 

t J vt> vt -V) ni *=* ct 



Shear 



Fl3Tml3RH1l3TR!fnSEi[UlS1itJiraffifiiJSRRH1l3frifimfrimBiJJH1iijRSi3TRgTltf3TSSl31 

1 U eu L»u nj o U vJ <£i Li i 

V V 



fv = 



A t rl 



narsnamnamHntiimw shear yielding itBmrnftnatnm^afiimHuiaRaTiniamrTi 

1 Li su •' Lry 1 Li -o 



HBETTIHIHJ gross section 1 

2 „ 2 



^=-^=-( 0 - 60 ^)=0- 40F r 



(B.21) 



qgmunn B.m: imru wi6xioo MTHinnH9THtmHm!iJtiiiauBRriTi3fimiMiuimina lateral 

Li u ct u m ^Li'/t. 

bracing IHIBlBltiBtiJTJMfn UIMBraim|u!lJR|tnnB A36 
tssHiQsuwsrdummtyalStiJHisip^a (a) 10 ft (b) 15 ft ata (c) 40 ft 1 

fitamsierntn: uUL nirnn l c 



nfJHfruB.12 



76^ = 76(1042) = U2in 
V36 



20000 

(d/Affy 



20000 

IA97 

10.42(0.985) 



(36) 



= 336.0 in = 28 ft 



inmfitriHitJtutratjitiiH titnss l r =n.o ft 

eu V d C J 



a) MjjnutauJwinBtulfti 10 ft 



L b =10 . ft <L C 

ytsiSogHtfl laterally supported beam 1 
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ttflHJ W16xl00 til compact shape A36 , 

B.13 R 

F b =0.66F y =0.66(36) = 23.76 ksi 

Ra|fnanHHnuiHiM|jnuHHia m ititirijjitfimMHRii b.h r f b =M/s titnssHmi 

HRBJHit£3tummsjms1tnnjRi3|?nti / a i^iaRiattntiHB[Tnfi F b 
M = F b S = 23.76(l75) = 4158m.- kips = 346 ft -kips 
GtSm: a) HHtSHfitJJtn =346 ft -kips 
b) MfjnmwtiuJwmBtuiiti 1 5/7 



= 15/t > L c = 11.0ft 

ijQlSogHtjl laterally unsupported beam 1 



r T = 2.8 lira. ( RtHIB*tfiitnBfi]ialRti properties table talRti ASD Manual) 

L b _ 15(12) 



= 64.06 



r T 2.81 

lateral bracing tsl SH3T313. C b =1.14 (to 
PTEinsntjlHmsa LRFD Specification equation U? B I R R IT1BI |U fl til H tlJSfi ASD equation 



titiuJi) i RimmiJBRimRMunu L b h 



102000 C b 


(102000(1.14) 


1 F y 


V 36 


|5 10000 C b 


/5 10000(1. 14) 



36 



= 56.8 



: 127 



itfmJMU 56.8 <L b /r T <127 IfitfUMHR'lIB.18 StiB.19 
’2 F y {L b /r T f 



F b = 





3 1530000C* 

2 36(64.06) 2 

3 1530000(1.14) 



F y < 0.60 F y 



36 = 20.95 ksi 



U 



F„ = 



12000C,, 



L h d / A 



< 0.60 F v 



f 



12000(1.14) 



= 45. 97 ksi 



(15x1 2Xl 6.97 )/(l 0.42 x 0.985) 
tllgtitllBiaiWinBRtHntiia 0.60F y = 0.60(36)=21.6yb/ 1 titHSSttffi 
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F b =0.60 F y = 21.6ksi 
HHltafiHfiminR 



V 



M =F b S = 21.6(l75) = 3780in.kips = 315 ft — kips 



mffta: b) HHi3HRTJJH1 =315 ft -kips 



c) 40 ft 




12000 C h _ 12000(1.14) 

L b dlA f ~ (40xl2)(l6.97)/(l0.42x 0.985) 



= 17. 24ksi <0. 60 F y 



ffiR F h = 1 7.24*5/ 1 HHttHRtinHB 

D v 

M = F b S = 17.24(175) = 3017m. -kips = 25 \ ft -kips 
mjjtn:c) hh^hBuihi =251 ft -kips 1 

Design Aids 

Design aids rd[H1ti§HfriEii|pStt3tUHlSiSiRi3 LRFD Manual HHlSlSlfiti ASD Manual ttil 1 
flJHHlSSlfci design chart iuOicjj allowable bending moment tjlHStiHSiS unbraced length 

MTHnuiuna!iJtiiimTUMTinunHtiiBi 9 l , i isnmtimmsgtiuniS c, , =1.0 uiBinHaintiirafiuJim 

C b IS ttfimrmi allowable stress F h HBMH1HntHUJim§ltljl9lBi3 



B.tc. Beam-Columns 

iR^mRHamn^anfliiJniiamaRiaTsnann BaRarmamHHmtiiHmBtiMHfriiHBiHin 

nUUn 1 U i U *J w n 

I*mnRtinni3tURl3TSnl3^mMl3IWRl3Tml3HBtTnR 1 ASD Specification equation R 

J l U n i U i m 1 1 
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tRCU x SR y fdRloiRIJnRRlBHRj 1 IfitfUWHRlirinBlfiR Specification; toCUHtlJPitinSItjIHtll 
BaRarsnanmiJtiinDnwHHtiHHuiiniJiBSimainaHaH BaHtmglHtiiHmRarsntinmiJtiitumw 
BHRtsRHRtliB'n IRITTJ amplification factor tRHHI JlHBHIBIHRimtJlfotJimlaTfiRRRlIHn 

VI Li A i) i vJ ot 

sway SR nonsway components 1 Amplification factor lS°B1SS|14RyQcnRi|jTlH: 

C m 

1 -ifa/F'e) 

tRCU C m fHitnanimniWBR: 

fd^mUHRRfUmSHSR sidesway 



C m =0.85 

WflmUHtimtinJHSJUnnHBR sidesway HflffiSRHSHlS transverse load 

C m 0.6-0.4(M 1 /M 2 ) (B.22) 

tticu Afi SR M~> tilHHRtSlSlRQRmrdHRR ttfimtontHtflBBlHIUM M, RtstflR “1 

i £ V in w A v 

tiniiBlu m, /m 7 ItiHismSsraHRmRiRsu itRmJiHisRmHltiHisrdTHiumnfnmmtiJ i 

n t m u- Li 

fd£mUHRmRWSU{UfilRSR sidesway itnffiHlS transverse load 



C m = 0.85 |UMBIUt3atnitnBBUHB9jJtlI 
C m =1.0 |tlSsmQRHS[RftnS9U 



tHRlUl F' e tfitiWlBRlflR Euler buckling stress RlHffiSRraRtlRfiJfRRin 23/12: 



r-i, 12 K-E 

F ‘=~,- ■ \2 



(B.23) 



23 {KL b /r b f 

HRjJ b MUJllWHRJIBRlinR 1 pMBraiRntninmR1inRIBjUBi3HRJ x ISIS F' e = F' ex SR 



KL b /r b =KL x /r x 1 yGRlfdjlRtJ F’ ey \\U K y L/r y 1 
IRTRfTRRnSRTfdHRlJHSJfitnSlRnRlH: 

Uu Lnj eJ n U 

UIMBIU f a / F a < 0.15 , IRBS|R|R1J moment amplification rifim 



fa _j_ fbx _j_ fby 

F b x F by 



< 1.0 



tJJMBIU f a / F a >0.15, IR[Rj^RRnSRjrdHR1JSlRni8lRl[RlH: 



fa 



1 - 



Cmxfb.x 

f ^ 

J a 



C my f b 



my J by 

T" 



< 1.0 



F' 



bx 



1 - 



fa 



ex 



F' 



by 



ey J 



(B.24) 



(B.25) 
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(B.26) 



MHfnj B .25 f bx sti f hy i 

MHfflJ B.26 facUHSlfU amplification factor tflR1J{RRnSRjRi3{R1i3 

ttlHjRtUlSl f bx St3 f by 1 Btuntal HRljjJ 0.60F V tjSfd^j F a iSlRi3fi3BRlJ B.26 t til HI Ml I 
MlSRinROllRtfl yielding tfltflti buckling 1 M|H1UHtmuiHgt3|n IRHIBritninniHaHtil laterally 
supported member MTHlUfTlIHimm F hr IBlntiMHmi B.26 tffBIRTttfRHtllRSnJl lateral 

A A U ux ct i ri Ljtj 8 a 

i 

bracing tfimMtilBlltStilfUMHfTU B.25 iuHj[dRnSRj 1 

imtllUimaiUMIHnim C mx ISlRtiMHRlJ B. 25 RlfciHjRRn gradient HHlimjUHRj X 
ITJMHtith i si fill laterally supported member IHIfUIHRim C b nUnlitmnSI F bx RttjHjRRH 
gradient fan gBtS8 Specification ffiR C b IMHmiBlinnifatmHRn F bx M{Him[UISlnt3MHfm 
B.25 MjjH1UHl3RlEjEtfn{tii3{UJ^r3Si3RinRWRM (members braced againt joint translation) 1 

BmUimB.d: Beam-column fatllUUlfmalntilUB B.7 tflftiRJTJM braced frame 1 fTUnnmB|U 

* Lfl -Ni V c* LJ 

S13HRI x luimBaiUMflTRiHlB lateral bracing 1 MBfitfl K r = K= 1.0 GjlRIRHiaRifrlffi 
IRUHRIH AISC Specification 1 



■ FIGURE B.7 



100 * 




W10 X 49 
A36 




Aamtjpnm: ntitmmtiRiiMantnHHfij 
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R[inS1Ri3TPni3fi3i3fiHSnTIFi 
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Slenderness ration HRtJJHIti 

KyL _ 1.0(15X12) _ 
2.54 “ 

nfdHfruB.8 



70.87 



c. 



\2n 2 E _ In 2 (29000) _ 



V 



36 



126.1 



ttfimimi KL/r<C r , RlldfiRl3T?Tli3fi3l3fiHBtJJH1tj1HffifdHfriJB.9 
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5 3 (KL/r) ( KL/rf 5 3(70.87) (70.87) 3 

3 H 8C 3 3 + 8(126.1) 8 (l26.l) 3 



= 16.34 ksi 



= 13.19fc.s7 



f 6 944 

^- = - = 0.4250 >0.15 

F a 16.34 

utsISgTRRnSfijMBfTlJ B.25 SH B.26 

v Uj eJ 

M x 60(12) 

Tbx S x 54.6 

fbv= 0 

RimmfitirmariHHBrmn 

1 U 1 no 

nfdHfTU B.12 

76 b f _76(l0.00) 



IF„ V36 
20000 20000 
(d / A f )F 



= 126.7m. = 10.6/f 

= 311.7m. = 26.0 ft 



9.98 



.(36) 



0.560(10.00) 

KtHttinJHBtjiatmj tiGtSS L c = 10 . 6 /? 1 unbraced length F b =15 ft 

HtimSgfjnltfSmfmtfl laterally unsupported beam 1 sidesway 

C* =1.0 

V ° 

ll02000C h _ 1 102000(1.0) 



36 



= 53.2 
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510000C* _ 1 510000(1.0) _ 
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>T 



Fy l 

15(12) 



36 



19 



2.74 



= 65.69 ( r T fRftnBnjUtilRintilBlRti Manual) 



ufimwii 53.2 <L h /r T <119 mRRiHitiWHimB'itiiHmBtiMHR'iJ b .18 sub . 19 uJniBtiitiiRHB 

U 1 EU U 



TRfntiiaiiJBnnjiHSMutimB 

Liu n 1 

0.60 F y =0.60(36)= 2 1.6 ksi 

nfi3BmjB.i8 



2 F y (L b /r T f 


p - 


2 36(65.69) 2 


3 1530000C* 


r y 


3 1530000(1.0) 



= 20.34&M 



nrjHfTUB.19 

12000C* 



12000(1.0) 



l b d / A f (15x1 2)(9.98)/(0.560 x 10.00) 
mHiiJwtnBMHmimiariiBiaiwdtiia 0.6 f v titnss 

ru y V 

F hx =0.60F v =2\.6ksi 



= 37 Aksi 



y 



flutiTRRriBRTWHR'ii b .261 isinaMHmnBs SiiJtiiTRiTRRriBHTntiinsnjmaTsnaiBlTRtiBTH 

u Utj u ct c? Lru Uu u a a 1 u u u 

tiBIBMRTRfRnJlBlRtiTHItinRHBmiRIUWHtiRIBS raMBIUHtiRItimiMtiRIUMflinB full lateral 

U Liu 1 U 1 no nU n n 

support 1 l¥16x49 til compact fil[HimtiR A36 tiBIBMRmBmRRtitmtiHBETnR 0.66F y 1 
itiira minRinjuBtiHRi x iJBiBsiRitJitiiRiiJtiiBiRBtiBtiRiiriRititnHRi v i timssmtns 

U O u u lJO^u 

fa , fbx 6.944 , 13.19 



0.60F y F bx 0.60(36) 0.66(36) 
{RRnSfijfilBfTIJ B.25 



= 0.877 <1.0 (OK) 



nfJHfTlJ B.22 



C m =0.6 -0.4 



Mj 

Mn 



f 



= 0.6 -0.4 



V 



35 

60 



= 0.8333 



Slenderness ratio UJ[Ul|URl 3 miR[mBl F' ex n 



KL b _ K X L _ 1.0(15X12) 



4.35 



= 41.38 



HMl r „ = «£?* 1^5“) = 87 .21 te 

23 {K x L/r x f 23(4 1.38) 2 



gtmmsB 
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Gwm: vp l o x 49 [fiii [ms 
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0.8333(13.19) 
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6.944 

87.21 



0.978 <1.0 



21.6 



(OK) 



Design Aids 

l|RlnfnrU3 S13§H principal Manual design aid 

beam-column (Burgett, 1973) 1 fiiHltii 

i 

tMmSHtsstutnstJSR?riHHmTtJMSfnnrdrai usTOHm?imijtjmtutJSR?riHHmmMSfnnisi 

n e-J w u u & i <ii & & u u ci 

tSlriil Column allowable load table msHgStUtnSH8fnfifiJmtU|i31tltUmfflQrari!ltSlMRn 

ct u 1 W vJ 

1 

B.e). fllSlJlS (Concluding Remarks) 

tmsutjl ASD TfifijlStjSWffiimtlfhtJntri LRFD mtflffi rilllSilRTfiltnSHSnTI?! 

Uu u U Lru 1 m 

aisc tlittaj nritinntusimmsltmipliitln 

tUHPin ASD liSMnmtItUtnSUjtJnijRDgtJrdHStSifriijJRtnSISina Design of Steel structure 
(Gaylord and stallmeyer, 1992) 1 u Elli Si n rii SI § n H3 S i Jj U D U H AISC Specification provision 
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